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Brief Biography

Geoffrey Hewings1 major interests are in the modeling of socio-economic activities at the local,
state and regional levels with a particular focus on impact assessment Since data availability at
the sub-national level is often a problem, he has specialized in developing modelling techniques
that operate in an environment of limited information. The models have been applied to a variety
of problems:

• employment projections to provide a link to environmental models

• project selection in developing a regional growth strategy

• impacts of opening and closing of firms on a regional economy

• forecast of alternative scenarios on output, income employment and occupations in
regional economies

Since 1989, he has served as Director of the Regional Economics Applications Laboratory
[REAL], a joint venture between the Federal Reserve Bank of Chicago and the University of
Illinois. The major focus of REAL is on the development of models of urban and regional
economies; in January, 1990, the first version of a model for the Chicago economy was
completed providing capabilities for forecasting socio-economic activities on an annual basis
through the year 2014. In addition, he is also directing a project designed to provide insights
into the effects of the US-Canada Free Trade Agreement on the Midwestern states. His
international work is currently focused on Indonesia where he is directing efforts towards the
completion of a set of interregional input-output, social accounting and computable general
equilibrium models for that economy.

Hewings obtained his undergraduate training at the University of Birmingham in England and
received his graduate degrees from the University of Washington in Seattle, with the Ph.D. being
conferred in 1969. He spent two yean directing a research project on input-output analysis at the
University of Kent in England prior to accepting a position at the University of Toronto in
Canada. Since 1974, he has been at the University of Illinois at Urbana-Champaign where he is
currently Professor of Geography and Regional Science and of Urban and Regional Planning.
Between 1983 and 1990, he served as Head of the Department of Geography. He has accepted
short-term visit̂ gositions at the University of Massachusetts at Araherst, University of
Queensland (4HjP*)> -Bar Han University (Israel), Korea Research Institute for Human
Settlements (SMBtend the Universitas Indonesia (Jakarta). Since 1978, he has assumed the
positions of EaMta Secretary and Executive Director of the Regional Science Association
International, an interdisciplinary professional organization with over 2000 members in SO
countries.

He has published over 60 articles in professional journals and is the author or editor of five
books. He has served as a consultant to a number of state and federal agencies in the United
States, Greece, Australia, Indonesia and Korea,
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THE REGIONAL ECONOMICS APPLICATIONS LABORATORY

Since January, 1989, Hewings has assumed the position of Director of the
Regional Economics Applications Laboratory, a joint venture between the
Federal Reserve Bank of Chicago and the University of Illinois. The primary
focus of REAL is on the development and application of a set of regional analytical
models of the Chicago, Illinois and Midwestern economies. Current models include:

A detailed forecasting model far the Chicago Regional economy with projections
through the year 2011 for employment, output, income for 36ectors.

Models of the Chicago and Illinois economies these that provide information on
the linkages between industries within the region and facilitate the estimation of
the impacts of changes in activity levels in one industry on the rest of the economy
(through the estimation of ripple effects).

The major goal for REAL is to develop a client base from the corporate and
public sectors; the Commonwealth Edison Company and the Chicago Economic
Development Commission are currently the major clients. Several' smaller
corapankj^ave provided support for specific projects. Considerable use is made
of docJBKyvel students from a variety of departments (economics, urban and
regionmlBlning and geography) on client-based projects with supervision and
suppcwpwded by faculty at the University of Illinois and the Research Staff of
the Federal Reserve Bank of Chicago.
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Summary of Projects Undertaken or
In Progress (marked with asterisk).

[Client listed in parentheses]

1. Local or County Level

Evaluation of Threshold Analysis as a technique for assessing the optimum size of urban
areas from the perspective of infrastructure (Canadian Ministry of Urban Affairs, Ottawa)

The project required an evaluation of Threshold Analysis as a potential technique for assessing
the alternatives open for the promotion of urban growth without significant expenditures on new
infrastructure (sewage treatment facilities, water treatment plants etc.) in relatively small and
medium sized cities.

Active contributor over several years to the development of a comprehensive county-based
sodo-economic impact system for the United States (US Construction Engineering
Research Laboratory, Champaign, Illinois)

The Economic Impact Forecast System (EBFS) is part of a set of county-based models
developed initially to handle environmental impact statements associated with military logistics.
Subsequently, the system has been used extensively in other federal government agencies and in
the private sector. The model will provide assessments of the impacts of any change in activity
on a wide variety of measures - business volume, local spending, income, employment and
output Sector-specific multipliers are now available allowing the analyst to pinpoint the impacts
of changes in activity on individual sectors.

Development of impacts of the location of the Dtamondstar Mitsubishi automobile
assembly plant on the economy of Central Illinois and the rest of the state of Illinois*

Using an integrated socio-economic model [REMTJ, estimates were made of the impact of the
new plant on the county in which it was built and the adjacent regions in the state. The model
provided annual »«rim«tM Of the impacts and distinguished between construction and production
phases. SubseqaenLwork has focused on prior work experience and locations, attitudes towards
employment iflBprentures of a stratified sample of employees; a supplier survey is currently

Economic Impact of the Closure of Chanute Air Force Base on Rantoul and Champaign
County, Dllnois (Village of Rantoul)

The EBFS system noted above was used to generate a "worst-case" scenario, to estimate the
impacts of the closure of the USAF facility on a community and the county in terms of
employment, income, business volume, school enrollment and municipal revenue and
expenditures.
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Forecasts of Sodo-Economlc Indicators in the Chicago region through 2014 (Chicago
Economic Development Commission)

Development of a combined econometric-input-output model of the Chicago metropolitan area
to measure likely future levels of output by economic sector, income, population, employment,
wages rates and investment through the year 2014.

Occupational Projections for Chicago (Chicago Economic Development Commission)

Projection of occupational demands by industry annually over the period 1990-2010 and
comparison with national projections under several alternative scenarios.

2. State, Regional and Metropolitan Level

The impact of National Parks on the Washington State economy (US National Park
Service)

Development of an input-output model to handle the impacts of tourist expenditures associated
with visits to the two National Parks in the State of Washington. While the level of expenditures
was significant, a large percentage was made outside the state, thus reducing the impact on the
Washington economy.

Application of Interregional Input-Output Analysis for State Planning and Program
Activities (Department of Commerce, State of Washington)

A feasibility study designed to explore the possibilities of developing an integrated interregional
input-output model to be used for assessing the impact of state government programs on
different parts of the state.

Projection of Sub-state Employment for Air Quality Maintenance Area Planning (Illinois
EPA)

An evaluation of alternative step-down projection techniques which could be used to allocate
state-level population and employment figures to regions within the state. These data would then
be used to esum||ycjels of pollution in certain, key metropolitan regions.

Macro-econooBBbact of environmental legislation (OUnols Institute for Environmental
Quality)

Development of a state input-output model which was then used to measure the impact of
proposed environmental legislation on output, income and employment in the state.

Development of an Energy-Economic Input-Output Model for the Ohio Basin Energy
Demand Study (US EPA)

This component of a very large study involved the estimation of a linked input-output/linear
programming model to assess alternative energy scenarios on the region's (part or all of six
states) economy.
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Measurement of Regional Development Indicators (US Army Corps of Engineers)

Evaluation of standard socio-economic indicators as measures of regional development at the
sub-state level.

Development of Sub-State input-output tables from State input-output tables (DUnois
Bureau of the Budget)

A comparative analysis of alternative non-survey techniques for generating regional and
interregional tables to estimate the links between the regions of the state's economy

Organization of Regional Centers for the Provision of Energy Management and
Conservation Assistance to Communities (Argonne National Laboratory)

Development of procedures for collection and dissemination of appropriate energy conservation
assistance material to communities.

Economic and Physical Impacts from Extreme Fluctuations in Lake Michigan Levels along
the Illinois Shoreline (US EPA)

Feasibility study designed to explore ways in which economic and physical models can be linked
to provide an assessment of the socio-economic impact of lake-shore fluctuations on a local
economy.

Assessing the Impacts of Increased Agricultural Value-Added Activity on the Illinois
Economy: an Input-Output Model Application. (US Dept Agriculture)

Feasibility and marketing study of the impact of increasing agricultural product processing prior
to export (i.e., the possibilities of exporting a set of products derived from grains rather than the
export of the raw grains). Considerable use will be made of a state input-output model for this
purpose.

The Economic Integration of Dllnois' Regions (Chicago United Business Organization)

A contribution to the debate about the degree to which "downstate" Illinois benefits from
activities in th^^hicago region. Using employment, a set of econometric equations were
developed to 9Kfte "spillovers" within a five region division of the state's economy. The
results reveale^Hpderabte interconnection.

Measurement of the Impacts of Energy Conservation Programs (Illinois Commerce
Commission)

Preparation of testimony comparing alternative methods for assessing the impacts of energy
conservation programs on energy and employment within utility districts.
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Assessment of Future Sodo-Economic Indicators on Recreation Demands (Illinois
Department of Conservation)

Evaluation of projections of socio-economic indicators and their use in estimating needs for
recreation within the state.

Impact of the University of Illinois on the State's Economy, 1975 and 1987 (University of
Illinois)

Estimation of the employment and income impacts of the University on the economy. In 1987, it
was estimated that about 90-100.000 individuals' employment could be attributed to the
University as a result of its purchases of goods and services and the expenditures (and their
impacts) of its employees.

The Structure of the Chicago Economy, 1982-2013* (Chicago Economic development
Commission)

Using a combined econometric-input-output model, information is available on the nature and
strength of the interactions between sectors within the Chicago economy. Projections of activity
levels through the year 2013 have been made.

The Role of Electricity Expenditures in the Chicago Regional Economy (Commonwealth
Edison)

This study analyzed the allocation of electricity expenditures by thirty-six sectors in comparison
to expenditures on wages and salaries and other intermediate goods and services. Estimation
was also made of the ripple effects of the expenditures and the changes observed between 1982
and 1987.

The Nature of Linkages Between High-Tech Firms and the Chicago Economy

Using a survey questionnaire, a model of the degree of integration of high-tech firms was
developed. The model revealed substantial backward (purchase of intermediate inputs) linkages
but rather week forward (sales) linkages.

Impacts of New Automobile Plants on Economies*

Two studies jjfe>een completed (Volkswagen in New Stanton, PA and Diamondstar-
Mitsubishi in MKgington-Normal, IL); a third study will provide an on-going monitoring of
the impact of WHbnondstar-Mitsubisbi plant, tracing the possible relocations of suppliers into
the region and the impacts of new technological developments on production organization and
scale.

Airline Network Structure and Economic Efficiency

Using data provided by Continental Airlines, measures of the effect of the hub-and-spoke system
on airline efficiency were developed. The procedure also provided information on the optimal
usage of aircraft equipment on the network.
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Defense Spending and Regional Growth

The procedure attempted to document the dependence of regions within the US on defense
spending in terms of both direct (primary contracts) and indirect effects (sub and sub-sub
contracts)

New York State Aviation Activity Forecasts Study* (New York State Department of
Transportation)

Broadly based assessment of the impact of future growth and development trends on the
organization and structure of aviation in New York State with primary emphasis on scheduled
carrier service.

Development of an Integrated Econometric Input-output Model for Iowa (State of Iowa)

The model will be similar in scope to the one developed for Chicago; the model will provide the
capability to undertake impact analyses and provide annual forecasts for the period 1990-2010.

Competition and Complementarity Among the US Regions

Analysis has been conducted to examine the degree to which growth and decline in one part of
the US is associated with growth and decline in other regions. Using US Census Regions, the
analysis has revealed significant changes in the shares of gross national product allocated across
regions and projections of theses shares have been made to 2050.

3. International

Development of an Input-Output Model for SE Kent (U.K.)

Feasibility study for the construction of an input-output model for this region.

Development of an Interregional Computable General Equilibrium Model for Korea for
Development Planning and Policy Evaluation

The model linked factor and product markets and was used to assess the impacts of increased
exports, iiwreajBjymending and investment on individual sectors and regions within the Korean
economy. TfflMttfcl was the first of its kind to be developed at the regional and interregional

Development of an Interregional Social Accounting Model for Bangladesh for
Measurement of the Impact of Agricultural Programs

The model was developed to assist in estimating the degree to which projects undertaking in one
region to raise agricultural output provided employment and income impacts elsewhere in the
country.
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Development of-a Sodal Accounting Model for Evros, Greece, for PoUcy Selection,
Monitoring and Evaluation (Greek Ministry of Coordination)

Using a semi-survey method, a reduced form social accounting system was developed for this
small region in NE Greece to facilitate planning development in anticipation of Greece's entry to
the Common Market

Comparative Analysis of the Structure of Australian Regional Economies (Queensland
Department of the Treasury)

An attempt to isolate the degree to which economies of different size might share some common
"fundamental economic structure" and thus facilitate the preparation and development of future
models of their economies.

Impact of the US-Canada Free Trade Agreement on the Midwest Economies* (Economic
Development Administration, U.S. Department of Commerce)

This project has focused on the regional (state level) impacts of the US-Canada Free Trade
Agreement, with particular attention to the Midwest states' economies and those of New York,
Pennsylvania and new England. The preliminary results suggest that the impacts are likelt to be
very small although for some specific industries, the results indicate changes that exceed the
annual growth in that industry for a typical year. Consideration is now being given to extending
this work to include the effect of adding Mexico to the Free Trade Area in North America.

Development of a Set of Interregional Models for Impact Analysis and Policy Evaluation in
Indonesia* (University of Indonesia/Midwest Universities Consortium for International
Activities/Government of Indonesia/World Bank)

Development of a set of models for a 5-rcgion division of the Indonesian economy for purposes
of evaluation of alternative regional development policies. The 5-region interregional input-
output models for 1980 and 1985 are complete; a two-region social accounting model has been
produced and plans are now being made to develop a 5-region social accounting system and a
computable general equilibrium model



IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF ILLINOIS

UNITED STATES OF AMERICA, )
)

Plaintiff, )
)

vs. )
)

NL INDUSTRIES, INC., et al., )
) CASE No. 91-CV-578-JLF

Defendants, )
)

and )
)

City of Granite City, Illinois, )
Lafayette H. Hochuli, and )
Daniel M. McDowell, )

)
Intervenor-Defendants. )

AFFIDAVIT OF GEOFFREY J. D. HEWINGS

Comes Now Affiant, Geoffrey J. D. Hewings, upon his oath,

and states as follows:

1. I am Geoffrey J. D. Hewings. I live at 1110 West Park,

Champaign, Illinois 61821.

2. In 1965, I graduated with a Bachelor of Arts with

'honors from the University of Birmingham (England). Thereafter,

I earned my Masters and Doctoral degrees in geography and

economics from the University of Washington (Seattle).

3. jLtf&. a professor in the Departments of Geography and

Urban and jBKonal Planning at the University of Illinois

(Champaign - Urbana). In addition, I am the Director of the

Regional Economics Applications Laboratory which is a joint

venture between the Federal Reserve Bank of Chicago and the

University of Illinois.



4. A true and accurate copy of my curriculum vitae is

attached hereto as Exhibit A.

5. I.was asked to study the social and economic impact of

the remedy selected by the United States Environmental Protection

Agency ("EPA") for the city of Granite City, Illinois. As I

understand it, that remedy calls for the excavation and removal

of ground soils in parts of Granite City in order to reduce the

level of lead in the soils.

6. In the past, I conducted similar studies to determine

the social and economic impact on cities relating to decisions by

government and private industry. For example, I studied the

social and economic impact on Rantoul and Champaign County,

Illinois, of the closure of Chanute Air Force Base. I also

studied the social and economic impact of the recent flood in

Chicago on the businesses in the affected area and the potential

losses that resulted. Other studies in which I participated are

found in my resume, a true and accurate copy of which is attached

hereto as Exhibit B.

7. In order to conduct my study, I researched the history

of Granite City, its demographics, its employment trends, its

manufacturing changes, and its income levels in the area. In

add it ion, ffijfenductad site investigations throughout Granite

City. I *Krconducted surveys of residents and businesses in

Granite City.

8. I reached several opinions concerning the social and

economic impact on Granite City if the remedy chosen by the EPA

SUB 350909.1 2



is commenced. My opinions are based upon my extensive background

and experience and my research concerning Granite City. They are

founded upon__a reasonable degree of scientific certainty using

the standard methods and procedures commonly employed in the

field of regional economic analysis.

9. In my opinion, the remedy chosen by the EPA will

adversely impact the residents and businesses in Granite City.

10. For the residents of and businesses in Granite City,

the EPA's actions to this point have created great confusion and

uncertainty. They are vitally interested in the EPA's claims

about the lead in the soils but believe that inadequate and

unintelligible information has been distributed to them. As a

result, they do not know what is the problem, how the EPA wishes

to rectify the problem if one exists, how extensive the remedy

may be, and how long it may take.

11. The EPA's remedy has reduced property values in Granite

City. This decrease has affected the residents directly, and

many now are unable to move from the area without suffering a

great financial loss on the sale of their homes. Others are

simply unable to sell their property. At a minimum, these

decreased property values will continue during the ten years that

the EPA ejjSpts to take to complete the remedy.

12. B̂Ushe remedy is commenced, the impact on businesses in

Granite City will be devastating. Residents and customers, who

frequent businesses in the downtown area of Granite City, will

face increased traffic, congestion, and delays relating to the

SUB 350903.1 3



remedy. Rather than put up with these inconveniences, residents

and visitors will shop and do business in the surrounding areas

away from Granite City. As a result, the potential exists for

businesses in downtown Granite City to fail.

13. The impact on decreased property values and less

businesses in Granite City will directly affect tax revenues.

Simply put, as property values and the number of viable

businesses decrease, tax revenues will decrease. The net effect

is less money available to provide municipal services to the

residents of Granite City.

14. I understand that the EPA recently embarked on a

piecemeal approach to the selected remedy. A piecemeal approach

will increase the already existing uncertainty among the

residents and businesses in Granite City. Regardless of how the

remedy is approached, the social and economic impact on Granite

City remains the same. A piecemeal approach, however, has the

potential to accelerate the social and economic impact on the

residents and businesses in Granite City.

FURTHER AFFIANT SAYETH NOT.

SL02 350909.1



VmiFICATTQM

In accordance with 28 U.S.C. $ 174«, I, Geoffrey j. D
Hewing*, declare, certify, verify and state under penalty of
perjury under th« laws of the United Stataa of America that the
foregoing affidavit is true and correct. Executed this \O dav
of CbVUL . 1996. JZ- r

Geof



EVA

CURRICULUM VTTAE

NAME

DATE OF BIRTH

CURRENT POSITION
ADDRESS

PHONE/FAX

EDUCATION

Geoffrey John Dennis Hewings

March 12,1943

Professor and Director,
Regional Economics Applications Laboratory
University of Illinois at Urbana-Champaign,
607 S. Mathews, #220,
Urbana, Illinois 61801-3671

(217) 333-47407(217) 244-1785 (312) 322-58427(312) 322-2357

B.A.(Honors) University of Birmingham, England 1965
MA. University of Washington, Seattle 1967
Ph.D. University of Washington, Seattle 1969

M.A. Thesis: Persistence of Precipitation and No Precipitation Described by a Markov Chain
Probability Model: Case Studies from Selected Stations in Washington State

Ph.D. Dissertation: Regional Interindustry Models Derived from National Data: The Structure of the
West Midlands Economy

PRIMARY POSITIONS HELD

1965-68

1968-69

1969
1970-71

1971-74

1974-82
1982

1982-83

1983-1990
1983-
1989-

Teaching Assistant/Pre-Doctoral Associate, Department of Geography, University of
Washington, Seattle
Woodrow Wilson Dissertation Fellow, Department of Geography, University of
Washington, Seattle
Instructor (fall), Olympic College, Bremerton, Washington
Senior Research Associate, Center for Research in the Social Sciences and Seminar

University of Kent, Canterbury, England
', Division of Social Sciences, Scarborough College and Department

of GeflflHEr St George Campus, University of Toronto, Ontario
Assoda^mfessor, Department of Geography, University of Illinois, Urbana, Illinois.
(Jan-Jun) Acting Head, Department of Geography, University of Illinois, Urbana,
Illinois.
Associate Professor, Departments of Geography and Urban and Regional Planning,
University of Illinois, Urbana, Illinois.
Head of Geography Department, University of Illinois, Urbana, Illinois.
Professor, Departments of Geography and Urban and Regional Planning.
Director, Regional Economics Applications Laboratory [Joint venture between the
Federal Reserve Bank of Chicago and the University of Illinois]
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SHORT-TERM POSTFIONS HELD

1968 Visiting Lecturer (Summer Session), Department of Geology and Geography, University of
Massachusetts, Amherst

1981 Visiting Scholar (May-August) Department of Economics, University of Queensland, St. Lucia.
Queensland, Australia.

1983 Visiting Scholar, (May-June) Korea Research Institute for Human Settlements, Seoul, Korea
1985 Visiting Scholar (May-August) Department of Economics, University of Queensland, St. Lucia,

Queensland, Australia.
1987 Visiting Scholar (January) Department of Geography, Bar Dan University, Ramat Can, Israel
1989 [July], 1990 [July], 1991 [February and June] Visiting Scholar Interuniversity Center in

Economics, Universitas Indonesia, Jakarta

RESEARCH EXPERIENCE

Consultant, National Park Economic Impact Study, University of Washington, 1969

Consultant, Research in the Application of Input-Output Interregional Analysis to State Planning and
Program Activities: Subarea Economic Analysis, University of Washington, 1969

Senior Research Associate, South-East Kent Input-Output Study, University of Kent, Canterbury,
England 1970-71

Co-Principal Investigator, Development of a System far Projecting Sub-State Employment and
Population for the State of Illinois, 1975, University of Illinois ($16,000)

Co-Principal Investigator, Macro-Economic Impact of Environmental Legislation, 1975-1976,
University of Illinois ($26,000)

Consultant, Macro-Economic Impact of Environmental Legislation, Illinois Institute of Environmental
Quality, 1976-77

Consultant, EvaluamSj, *« Rational Threshold Value System of the Economic Impact Forecast
System, U.S. Anny^Bbction Engineering Research Laboratory, 1977

Associate Investigator, Ohio River Basin Energy Demand Study, USEPA 1977-1978 ($108,000)

Consultant, Measurement of Regional Development Indicators, U.S. Army Corps of Engineers
Waterways Experimental Station, 1978.

Principal Investigator, Evaluation of Methods for Generating Sub-State Input-Output Tables from State
Input-Output Models, Bureau of the Budget, State of Illinois. 1978 ($2,500).



Curriculum Vitae: Geoffrey J.O. Hewings page 3

Principal Investigator, Space-Time Employment Modeling, NSF, 1978-1980 ($46,000).

Consultant, Organization of Regional Centers for the Provision of Energy Management and
Conservation Assistance to Communities, Argonne National Laboratory, 1978

Consultant, Development of a Model for Monitoring and Evaluation of Regional Development Projects,
Ministry of Coordination, Athens, Greece, 1979-1980

Principal Investigator, Preparation and Testing of Alternative Methods for Disaggregating County
Data, U.S. Army CERL, 1980 ($13,000)

Co-Principal Investigator, Development of Regional and Interregional Accounting Systems for Project
Selection, Monitoring and Evaluation in Developing Rural Economies, US AID Title XII
Strengthening Grant, 1980-1981 ($20,000)

Principal Investigator, Holistic and Partitive Accuracy in Regional Input-Output Analysis, NSF, 1982-
84 ($76,000)

Principal Investigator, Feasibility Analysis for Incorporation of Sector Specific Input-Output Type
Multipliers in EIFS, U.S. Army CERL, 1982 ($9,600)

Principal Investigator, Sensitivity Analysis in Regional Interindustry Modelling, NSF 1984-86 ($56,000)

Principal Investigator, Incorporation of Migration Impacts into EIFS U.S. Army CERL, 1985 ($9.800)

Co-Principal Investigator, Assessing the Impacts of Increased Agricultural Value-Added on Illinois'
Economy: an Input-Output Model Application, College of Agriculture, University of Illinois, 1987-88
($37,500)

Co-Principal Investigator, Economic and Physical Impacts from Extreme Fluctuations in Lake Michigan
Levels along the Illinois Shoreline, US EPA, 1987-88 ($36,000)

Principal InvestigatoflHlBmrio/u to an Interregional Computable General Equilibrium Model for
Korea, SSRC, 1988-JB|fe,000)

Co-Principal Investigator. Development of an Illinois Input-Output Model and Extensions, Federal
Reserve Bank of Chicago. 1988-89 ($50,000)

Principal Investigator, New Directions in Input-Output Modeling, NSF, 1989-1991 ($114,000)

Co-Principal Investigator, Development of an Integrated Forecasting Model of the Chicago Economy,
Chicago Economic Development Commission, 1989-90 ($45,000)
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Principal Investigator, Development of a Prototype Computable General Equilibrium Model to Estimate
the Impacts of the US-Canada Free Trade Agreement on the Midwest and Northeast Economies,
Economic Development Administration, US Department of Commerce, 1989-1991 ($ 117,000)

Principal Investigator, Development of an Integrated Forecasting Model for the State of Iowa,
Legislative Fiscal Bureau, State of Iowa, 1990-1991 ($100,000)

Principal Investigator, Scenario Development and Occupational Forecasts for the Chicago Economy,
Chicago Economic Development Commission, 1990-1991 ($35.000)

AWARDS

Fulbright Travel Grant, 1965

Woodrow Wilson Dissertation Fellowship, 1968-1969

PUBLICATIONS

(1) Monographs

Geoffrey J.D. Hewings: Regional Industrial Analysis and Development (1977, Methuen, London, St.
Martin's Press, N.Y.).

John Rees, Geoffrey J.D. Hewings and Howard A. Stafford eds.: Industrial Location and Regional
Systems (1981 Bergin, New York: Croora Helm, London).

Geoffrey J.D. Hewings: Regional Input-Output Analysis (Beverley Hills: Sage Scientific Geography
Series 1985: Second Printing. 1989)

L Orishimo, Geoffrey J.D. Hewings and P. Nijkamp eds.: Information Technology and Urban-
Environmental Systems (Springer-Verlag. 1988)

John J. LL Dewhoj^Bbffrey. ID. Hewings and Rodney C. Jensen eds: Regional Input-Output
Modelling: New M^^pents and Interpretations (Avebury, 1991)

(2) Chapters in Books

Geoffrey J.D. Hewings and Breandan OtiUallachain The Role of Industrial Factors in the
Development of Regional Systems," in F.E.L Hamilton and G.R. Linge (eds) Spatial Analysis,
Industry and Industrial Environment, Volume 3 (Wiley, 1983), 41-57.
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Geoffrey J.D. Hewings and Peter Dicken "The Changing Organisational Structure of Regional
Economies and the Role "of Transnational Corporations: Some Research Issues in B. T. Robson and J.
Rees (eds.) Geographical Agenda for a Changing World SSRC, London, 1982,57-77.

Geoffrey J.D. Hewings "Regional and Interregional Accounting Systems for Development Planning
under Conditions of Limited Information" in P. Nijkamp and L. Chatterji (eds.) Urban and Regional
Policy Analysis in Developing Countries (Croora Helm, London 1983), 181-202.

Geoffrey J.D. Hewings and Yong-Jae Lee "National-Regional Accounting Systems for Regional
Development for Regional Development in Developing Countries" in G-C. Lira (ed.). Urban Planning
and Spatial Strategies in Rapidly Changing Societies, Princeton: Woodrow Wilson School, 1983, pp.
187-206.

Geoffrey J.D. Hewings "Limited information in spatial analysis and development planning" in G.
Bahrenberg, M. Fischer and P. Nijkamp (eds.). Theory and Measurement in Spatial Data Analysis,
(Gower, London 1984), 145-162.

Geoffrey J.D. Hewings "Problems of Integration in the Modelling of Regional Systems" in P. Batey and
M Madden (eds.) Integrated Analysis of Regional Systems (London, Pion 1986).

Geoffrey J.D. Hewings and R.C. Jensen "Regional and Interregional Input-Output Models" in E.S. Mills
and P. Nijkamp (eds.) Handbook in Urban and Regional Economics (Amsterdam, North Holland,
1986), 295-355

Geoffrey J.D. Hewings "Transportation and Energy" in S. Hanson (ed.) Urban Transportation
(Guildford Press, New York, 1986), 280-300

Geoffrey J.D. Hewings "Industrial Complex Analysis" in J. Clapp and S. Messner (eds) Real Estate
Market Analysis (New Yorkjtoeger, 1988), 17-46

Geoffrey J.D. Hewings, R.C. Jensen and M. Sonis "Fields of influence of technological change in input-
output models," in L Orishimo, P. Nijkamp and GJ.D. Hewings (eds) Information technology and
Urban-EnviroiunenMAtstenu (Springer-Verlag, New York & Berlin 1988). 163-194

M. Sonis and GeoffiHBL Hewings, "Superposition and decomposition principles in hierarchical social
accounting and input-output analysis," in F. Harrigan and P. McGregor (eds.) Recent Advances in
Regional Economic Modelling (London, Pion, 1988). 46-65

M. Sonis and Geoffrey J.D. Hewings "Error and sensitivity input-output analysis: a new approach," in
R.E. Miller, FCR. Polenske, A. Rose (eds.) Frontiers of Input-Output Analysis (New York, Oxford,
1989)
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M. Sonis and Geoffrey J.D. Hewings "The 'Matrioshka Principle1 in the hierarchical decomposition of
multiregional social accounting systems," in L. Anselin and M Madden (eds.) New Directions in
Regional Analysis: Integrated and Multiregional Approaches (London, Pinter, 1990)

A.J. Reynolds and Geoffrey J.D. Hewings, "Airline network structure and regional economic
development: US case studies," in K. Peschel (ed) Infrastructure and the Space Economy (Berlin:
Springer-Verlag)

Geoffrey J.D. Hewings, "Death as final demand: the contributions of Sir Richard Stone to Regional
Science," in I. Gordon (ed) Cambridge Economists and Regional Sdence (London, Macmillan,
forthcoming, 1991)

Michael Sonis and Geoffrey J.D. Hewings, "Fields of influence and extended input-output analysis: a
theoretical account," in John J. LI. Dewhurst, Geoffrey J.D. Hewings and Rodney C. Jensen eds:
Regional Input-Output Modelling: New Developments and Interpretations (Avebury, 1991)

Michael Sonis, Geoffrey J.D. Hewings and Rodney C. Jensen, "Structure of Regional Economic
Activities: Input-Output Analysis Perspectives," in Frank Dietz, WUlem Heijman and Daniel Shefer
(Eds.) Location and Labor Considerations for Regional Development (Aldershot, Avebury, 1991)

Edison Hulu, Geoffrey J.D. Hewings and Iwan Jaya Axis, "Spatial implications of the export promotion
strategy in Indonesia," in T.John. Kim. Gerrit Knaap, Iwan J. Azis (Eds.) Spatial Development in
Indonesia: Review and Prospect, (Avebury, forthcoming, 1992)

(3) Journal Articles

Geoffrey J.D. Hewings, "Regional Interindustry Models Derived from National Data: The Structure of
the West Midlands Economy/ Annals of Regional Sdence, 3(1) 1969,179-191.

Geoffrey J.D. Hewings, "A Note on Forecasting the Economic Base," Professional Geographer, 21(5)
1969, 315-318.

Geoffrey J.D. Hewin^nfegional Planning: Problems in the Application of Interregional Input-Output
Analysis to State PlsJjgfad Program Activities," Annals of Regional Sdence, 4(1) 1970,114-122.

Geoffrey J.D. Hewings, "Some Thoughts on Regional Forecasting Using Input-Output Models,"
Conference Paper. CP 1 (Centre for Environmental Studies, London) 1971,71-97.

Geoffrey J.D. Hewings. "Multiregional Input-Output Analysis and Transport Planning: A Critique," in
Regional Transport Planning in Theory and Practice, Second International Symposium on
Transport, Zagreb, Yugoslavia (April 1971).
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Geoffrey J.D. Hewings, "Regional Input-Output Models' in the U.K.: Some Problems and Prospects for
the Use of Nonsurvey Techniques," Regional Studies, 5(1) 1971,11-22.

Geoffrey J.D. Hewings, "The Aggregation of Input-Output Models for Regional Impact Analysis,"
Growth and Change, 3(1) 1972,15-19.

Geoffrey J.D. Hewings, "The Empirical Identification of Key Sectors in a Regional Economy: A Partial
Evaluation of Alternative Techniques," Environment and Planning, 6(5) 1974,439-453.

Geoffrey J.D. Hewings, "Threshold Analysis and Urban Development: An Evaluation," Annals of
Regional Sdence, 9(3) 1975, 21-31.

Geoffrey J.D. Hewings, "On the Accuracy of Alternative Models for Stepping-Down Multi-County
Employment Projections to Counties," Economic Geography, 52(3) 1976, 206-217.

Geoffrey J.D. Hewings, "Evaluating the Possibilities for Exchanging Regional Input-Output
Coefficients," Environment and Planning, 9(8) 1977,927-944.

Geoffrey J.D. Hewings, D.M. Chicoine and G.A. Silbert "The Economic Impact of the University of
Illinois on the State of Illinois," Illinois Business Review, (November 1977).

Geoffrey J.D. Hewings, "The Trade-Off Between Aggregate National Efficiency and Interregional
Equity: Some Recent Empirical Evidence," Economic Geography, 54(3) 1978,254-263.

Geoffrey J.D. Hewings and B.N. Janson "Exchanging Regional Input-Output Coefficients: A Reply and
Further Considerations," Environment and Planning, 12(8) 1980, 843-854.

Peter M. Hooper and Geoffrey J.D. Hewings, "Some Properties of Space-Time
Processes/Geographical Analysis, 13(3) 1981.203-223.

Eugene N. White and Geoffrey J.D. Hewings, "Space-Time Employment Modelling: Some Results
Using Seemingly Unrelated Regression Estimators," Journal of Regional Sdence, 22(3) 1982, 283-
302.

Geoffrey J.D. HewiiMBBB; Michael C. Romanes "Simulating Less Developed Regional Economies
Under Conditions of LfiSfieS Information," Geographical Analysis 13(4) 1981,373-390.

Geoffrey J.D. Hewings, "Monitoring Changes in a Regional Economy: An Input-Output Simulation
Approach," Modeling and Simulation, 12 (Part 3) 1981 1043-1046.

Geoffrey J.D. Hewings, "Trade, Structure and Linkages in Developing and Regional Economies"
Journal of Development Economics, 11 (1982) 91 -96.



Curriculum Vitae: Geoffrey J.D. Hewings page 8

Geoffrey J.D. Hewings, "Regional and Interregional Interdependences: Alternative Accounting
Systems" Environment and Planning A, 14 1982 1587-1600.

Geoffrey J.D. Hewings, "The Empirical Identification of Key Sectors in an Economy: A Regional
Perspective" The Developing Economies. 20(2) (June 1982) 173-195.

Geoffrey J.D. Hewings, "Design of Appropriate Accounting Systems for Regional Development in
Developing Economies" Papers Regional Sdence Association, 51 (1983).

Geoffrey J.D. Hewings and William M. Syversen "A Modified Bi-Proportional Method for Updating
Regional Input-Output Matrices: Holistic Accuracy Evaluation" Modeling and Simulation 13 (Part
3)19821115-1120.

T.J. Kim, D.E. Boyce and Geoffrey J.D. Hewings, "Combined input-output and commodity flow
models for inter-regional development planning: insights from a Korean application," Geographical
Analysis, 15(4) 1983, 330-342.

Geoffrey J.D. Hewings, "A decomposition approach to the analysis of changes in regional economic
structure," Modeling and Simulation, 14 (1983), 859-863.

Geoffrey J.D. Hewings, "A cost-effective approach to primary input-output data collection: further
comments." Review of Public Data Use 11 (1983), 197-199.

Geoffrey J.D. Hewings and R.W. Jackson "Structural change in a regional economy: an entropy
decomposition approach" Modeling and Simulation 15 (1984) 241-246.

S. Ko and Geoffrey J.D. Hewings, "A regional computable general equilibrium model for Korea"
Modeling and Simulation 15 (1984) 451-456.

Geoffrey J.D. Hewings. Guest Editor, Special Issue of Economic Geography on "New Directions in
Regional and Interregional Modelling" 60(2) 1984.

Geoffrey J.D. HewiiwfcMenifield and J. Schneider, "A Regional Test of the Linkage Hypothesis"
Revue d'Economte djf&le et Urbalne 25 (1984) 275-290.

Geoffrey J.D. Hewings, "The role of prior information in updating regional input-output models,"
Sodo-Economic Planning Sciences 18 (1985) 319-336.

R.C. Jensen and Geoffrey J.D. Hewings, "Short-cut 'input-output1 multipliers: a requiem"
Environment and Planning A 17 (1985) 747-759.

R.C. Jensen and Geoffrey J.D. Hewings, "Short-cut 'input-output' multipliers: the resurrection
question, a rejoinder" Environment and Planning A 17 (1985) 1551-1552.
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economic structure with input-output models," Modeling and Simulation 17:257-262 (1986)
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S.Ko and Geoffrey J.D. Hewings, "A regional computable general equilibrium model for Korea"
Korean Journal of Regional Science 2:1987

Geoffrey J.D. Hewings. R.C. Jensen and M. Sonis, "Innovation diffusion in input-output analysis: a new
conceptual framework," Horizons 20: (1988)

R.C. Jensen, Geoffrey J.D. Hewings, M. Sonis, and G.R. West, "On a taxonomy of economies"
Australian Journal of Regional Studies 2 (1988) 3-24.

Geoffrey J.D. Hewings and R.C. Jensen "Emerging challenges in regional input-output analysis,"
Annals of Regional Science 22 (1988) 43-53.

Geoffrey J.D. Hewings, M. Sonis and R.C. Jensen, "Reids of influence of technological change in
input-output models," Papers Regional Science Association 64 (1988) 25-36.

Geoffrey J.D. Hewings, M. Fonseca, J. Guilhoto, and M. Sonis, "Key sectors and structural change in
the Brazilian economy: a comparison of alternative approaches and their policy implications," Journal
of Policy Modeling 11 (1989) 67-90

M Sonis, Geoffrey J.D. Hewings and R.C. Jensen, " Structural analysis of input-output systems:
reflections of Schumpeterian competition view," Giornate dl Lavoro, Associazione Italiana di Ricerca
Operativa, Ottobre, 1989

Geoffrey J.D. Hewings, R.C. Jensen, G.R. West, M Sonis and R.W. Jackson "The spatial organization
of production: an input-output perspective," Sodo-Economic Planning Sciences, 23 (1989) 67-86

R.W. Jackson, GcofljJSJ). Hewings and M. Sonis, "Economic structure and coefficient change: a
comparative analysis«^lternative decomposition approaches," Economic Geography 66:216-
231(1990)

Hera Susanti Suwandi and Geoffrey J.D. Hewings "Key sectors and development in the Indonesian
economy," Ekonomi Dan Keuangan Indonesia [Indonesian Journal of Economics and Finance]
37:331-354

Michael Sonis and Geoffrey J.D. Hewings "Coefficient change in input-output models: theory and
applications," (Economic Systems Research, forthcoming, 1992)
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MANUSCRIPTS UNDER REVIEW

M. Madden and Geoffrey J.D. Hewings (eds.) Essays in Honour of Sir Richard Stone [Collection of
original articles in honor of the 1984 Nobel Laureate in Economics] (Cambridge University Press)

Geoffrey J.D. Hewings, Michael Sonis, Jong Kyun Lee and Sarwar Jahan, "Alternative decompositions
of interregional social accounting matrices: 'applications with reference to Bangladesh," in M. Madden
and Geoffrey J.D. Hewings (eds.) Essays In Honour of Sir Richard Stone (Cambridge University
Press)

Michael Sonis, Geoffrey J.D. Hewings and Jong Kyun Lee, "Interpreting spatial economic structure:
three perspectives," (Geographical Analysis)

Sarwar Jahan and Geoffrey J.D. Hewings, "Spatial impacts of regional development programs in
Bangladesh using a four-region social accounting model," (Papers In Regional Sdence)

Federico Cuello, Faycal Mansouri and Geoffrey J.D. Hewings, "The identification of structure at the
sectoral level: Implications of reformulating the Hirschman-Rasmussen key-sector indices," (Economic
Systems Research)

MANUSCRIPTS IN PREPARATION

M Hatfield, Geoffrey J.D. Hewings, and M. Sonis "Comparative analysis of structural change in the
Soviet Economy: a decomposition approach"

Edison Hulu and Geoffrey J.D. Hewings, "The development and use of interregional input-output
models for Indonesia under conditions of limited information"

Geoffrey J.D. Hewings, Michael Sonis, Sarwar Jahan and J.H. Lee, "Alternative decompositions of
social accounting matrices: an application to Bangladesh"

CURRENT]

1. The development ofregfcnal general equilibrium and social accounting models.

2. Holistic matrix descriptors of regional interindustry systems and measures of regional interindustry
structure over time and space.

3. The development of integrated socio-economic models for metropolitan and state planning and
impact analysis.
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Korea Research Institute on Human Settlements
Bar Dan University
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University of]
University of Ts

ADMINISTRATIVE

Portland State University
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Rutgers University
University of Iowa
University of New England,
Armidale
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Defense Spending and Regional Growth

The procedure attempted to document the dependence of regions within the US on defense
spending in terms of both direct (primary contracts) and indirect effects (sub and sub-sub
contracts)

New York State Aviation Activity Forecasts Study* (New York State Department of
Transportation)

Broadly based assessment of the impact of future growth and development trends on the
organization and structure of aviation in New York State with primary emphasis on scheduled
carrier service.

Development of an Integrated Econometric Input-output Model for Iowa (State of Iowa)

The model will be similar in scope to the one developed for Chicago; the model will provide the
capability to undertake impact analyses and provide annual forecasts for the period 1990-2010.

Competition and Complementarity Among the US Regions

Analysis has been conducted to examine the degree to which growth and decline in one part of
the US is associated with growth and decline in other regions. Using US Census Regions, the
analysis has revealed significant changes in the shares of gross national product allocated across
regions and projections of theses shares have been made to 2050.

3. International

Development of an Input-Output Model for SE Kent (U.K.)

Feasibility study for the construction of an input-output model for this region.

Development of an Interregional Computable General Equilibrium Model for Korea for
Development Planning and Policy Evaluation

The model linked factor and product markets and was used to assess the impacts of increased
exports, inonuadyaniftiny and investment on individual sectors and regions within the Korean
economy. ThijREl was the first of its kind to be developed at the regional and interregional

Development of an Interregional Sodal Accounting Model for Bangladesh for
Measurement of the Impact of Agricultural Programs

The model was developed to assist in estimating the degree to which projects undertaking in one
region to raise agricultural output provided employment and income impacts elsewhere in the
country.
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Development of-a Sodal Accounting Model for Evros, Greece, for Policy Selection,
Monitoring and Evaluation (Greek Ministry of Coordination)

Using a semi-survey method, a reduced form social accounting system was developed for this
small region in NE Greece to facilitate planning development in anticipation of Greece's entry to
the Common Market

Comparative Analysis of the Structure of Australian Regional Economies (Queensland
Department of the Treasury)

An attempt to isolate the degree to which economies of different size might share some common
"fundamental economic structure" and thus facilitate the preparation and development of future
models of their economies.

Impact of the US-Canada Free Trade Agreement on the Midwest Economies* (Economic
Development Administration, U.S. Department of Commerce)

This project has focused on the regional (state level) impacts of the US-Canada Free Trade
Agreement, with particular attention to the Midwest states' economies and those of New York,
Pennsylvania and new England. The preliminary results suggest that the impacts are likelt to be
very small although for some specific industries, the results indicate changes that exceed the
annual growth in that industry for a typical year. Consideration is now being given to extending
this work to include the effect of adding Mexico to the Free Trade Area in North America.

Development of a Set of Interregional Models for Impact Analysis and Policy Evaluation in
Indonesia* (University of Indonesia/Midwest Universities Consortium for International
Activities/Government of Indonesia/World Bank)

Development of a set of models for a 5-region division of the Indonesian economy for purposes
of evaluation of alternative regional development policies. The 5-region interregional input-
output models for 1980 and 1985 are complete; a two-region social accounting model has been
produced and plans are now being made to develop a 5-region social accounting system and a
computable general equilibrium model
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IN THE UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF ILLINOIS

UNITED STATES OF AMERICA, )
)

Plaintiff, )
)

vs. )
)

NL INDUSTRIES, INC., ET AL ) Civil Action
) No. 91-CV-00578-JLF

Defendants, )
)

and CITY OF GRANITE CITY, )
ILLINOIS, et al )

)
Defendants/Intervenors )

AFFIDAVIT

I, William Baudendistel, being duly sworn, depose and state as

follows:

1. Affiant is a Vice President of Juneau Associates, Inc. P.

C., which firm is the contract engineer for the City of Granite

City, and has held said position since 1992. In the firm's

capacity as City Engineer, Affiant advises the City Council and

City officials on all engineering matters referred to him, makes

reports regarding public improvements, repairs of streets, bridges

and sidewalks and, from time to time, is responsible for the

design, construction, reconstruction, and repair of municipal

sewers JHK-vtructures, including the grading and improvement of

, highways, and sidewalk spaces.

2. In the aforementioned capacity. Affiant has been directly

involved in the City of Granite City's efforts to improve 16th

Street. The construction includes a 30 foot face-to-face curb

concrete pavement with a closed storm sewer system from Madison

Avenue to Niedringhaus Avenue. The total cost of the project is



estimated to be approximately $1.5 million. Funding for the

project is to come from a grant of approximately $770,000 from the

Illinois Department of Transportation which is to be matched by

Madison County and City of Granite City funds. The State fund, will

pay for nearly 1/2 of the construction costs, and County funds will

pay for nearly 1/4 of said costs.

3. The 16th Street corridor is a vital, economic link for

Granite City Steel, a Division of National Steel Corporation.

Granite City Steel has modified the entrance/exit from its south

plant so as to expedite truck traffic carrying galvanized steel

from Madison Avenue to 16th Street, to Niedringhaus Avenue, and

then to the interstate or to the railroad yard or barge terminal

for distribution. Granite City Steel is the largest employer in

Granite City and its existence and prosperity is critical to the

City's economic viability.

4. A recent environmental sampling of soils from locations

along the 16th street alignment performed by SCI Engineering Inc.,

identified a number of samples below and greater than 500 ppm for

total lead. The environmental engineering analysis provided by SCI

Engineering Inc. to the City surmises that because the project site

is consJflBfid to be a portion of the NL Superfund site which
H|

dictate4HB*xcavation to a 500 ppm standard, that health and
^̂ ^̂ B̂ P̂ "

safety procedures as outlined in 29 CFR 1910.120 for hazardous

waste sites must be followed. It is concluded that excavation of

and along certain portions of 16th Street may result in special or

hazardous waste, which will cause health and safety procedures to

be implemented during construction due to the concentrations of



total lead, and result in the special or hazardous waste being

hauled to an appropriate landfill.

5. Based on the foregoing, construction estimates for the

16th Street project have been significantly increased, and it has

been preliminary determined the additional construction and project

costs due to the City having to abide by the 500 ppm standard, will

range from $400,000 to $1.5 million.

6. The City of Granite City does not have available the

funding for the additional clean-up costs associated with the 500

ppm standard and, unless some other resolution is reached, the

funding promised for the project is jeopardized. In this event,

there is no immediate expectation that 16th Street will be

constructed.

Further Affiant sayeth not.

Liaa fittudendlstel, P.E
Associates

2100 State Street
Granite City, IL 62040

SUBSCRIBED AND SWORN to me, a Notary Public, on this

day of ( MjLst-* , 1996.

21850

NOTARY PUBLIC

! "OFFICIAL SEAL"
1 OIANE9GNAI1 '

NOTAflY PU8UC - STATE OF UMOB
\COMMR8IONFXPfRBAPRM, '*"



IN THE UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF ILLINOIS

UNITED STATES OF AMERICA, )
)

Plaintiff, )
)

vs. )
)

NL INDUSTRIES, INC., ET AL ) Civil Action
) No. 91-CV-00578-JLF

Defendants, )
)

and CITY OF GRANITE CITY, )
ILLINOIS, et al )

)
Defendants/Intervenors )

AFFIDAVIT

I, William Baudendistel, being duly sworn, depose and state as

follows: ,
*

1. Affiant is a Vice President of Juneau Associates, Inc. P.

C., which firm is the contract engineer for the City of Granite

City, and has held said position since 1992. In the firm's

capacity as City Engineer, Affiant advises the City Council and

City officials on all engineering matters referred to him, makes

reports regarding public improvements, repairs of streets, bridges

and sidewalks and, from time to time, is responsible for the

design, construction, reconstruction, and repair of municipal

sewers dM&«tructures, including the grading and improvement of

, highways, and sidewalk spaces.

2. In the aforementioned capacity, Affiant has been directly

involved in the City of Granite City's efforts to improve 16th

Street. The construction includes a 30 foot face-to-face curb

concrete pavement with a closed storm sewer system from Madison

Avenue to Niedringhaus Avenue. The total cost of the project is



estimated to be approximately $1.5 million. Funding for the

project is to come from a grant of approximately $770,000 from the

Illinois Department of Transportation which is to be matched by

Madison County and City of Granite City funds. The State fund will

pay for nearly 1/2 of the construction costs, and County funds will

pay for nearly 1/4 of said costs.

3. The 16th Street corridor is a vital, economic link for

Granite City Steel, a Division of National Steel Corporation.

Granite City Steel has modified the entrance/exit from its south

plant so as to expedite truck traffic carrying galvanized steel

from Madison Avenue to 16th Street, to Niedringhaus Avenue, and

then to the interstate or to the railroad yard or barge terminal

for distribution. Granite City Steel is the largest employer in

Granite City and its existence and prosperity is critical to the

City's economic viability.

4. A recent environmental sampling of soils from locations

along the 16th Street alignment performed by SCI Engineering Inc.,

identified a number of samples below and greater than 500 ppm for

total lead. The environmental engineering analysis provided by SCI

Engineering Inc. to the City surmises that because the project site

is cons|jttppi to be a portion of the NL Superfund site which

dictated£Pp«xcavation to a 500 ppm standard/ that health and

safety procedures as outlined in 29 CFR 1910.120 for hazardous

waste sites must be followed. It is concluded that excavation of
*

and along certain portions of 16th Street may result in special or

hazardous waste, which will cause health and safety procedures to

be implemented during construction due to the concentrations of



total lead, and result in the special or hazardous waste being

hauled to an appropriate landfill.

5. ""TUsed on the foregoing, construction estimates for the

16th Street project have been significantly increased, and it has

been preliminary determined the additional construction and project

costs due to the City having to abide by the 500 ppm standard, will

range from $400,000 to $1.5 million.

6. The City of Granite City does not have available the

funding for the additional clean-up costs associated with the 500

ppm standard and, unless some other resolution is reached, the

funding promised for the project is jeopardized. In this event,

there is no immediate expectation that 16th Street will l be

constructed.

Further Affiant sayeth not.

Wilaiam flfemdendlstel, P.E.
Jun«4U_J/Associates
2100 State Street
Granite City, IL 62040

SUBSCRIBED AND SWORN to me, a Notary Public, on this

day of (\f̂ /U? , 1996.

^̂ ^ NOTARY PUBLIC

21850

"OFFICIAL SEAL"
OANE9GNALL '
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STATEMENT OF
DR. RENATE D. KIMBROUGH
SENIOR MEDICAL ASSOCIATE

-"INSTITUTE FOR EVALUATING HEALTH RISKS
SUITE 608, 1101 VERMONT AVENUE, N.W.

WASHINGTON, DC 20005 '
BEFORE THE

SUBCOMMITTEE ON INVESTIGATIONS AND OVERSIGHT
COMMITTEE ON PUBLIC WORKS AND TRANSPORTATION

U.S. HOUSE OF REPRESENTATIVES
TUESDAY, JUNE 9, 1992

Good Morning, Mr. Chairman and members of the Subcommittee.

I am Dr. Renate D. Kimbrough, Senior Medical Associate with the

Institute for Evaluating Health Risks, Washington, DC. I am

pleased to have this opportunity to provide information on the

Granite City Blood Lead Study.

The subject of my testimony is a discussion of preliminary

results of a recent health study in Granite City, Illinois, to

determine blood lead levels in children living around a defunct

smelter, the National Lead Industries/Taracorp site. The study

was conducted because high concentrations of lead in soil were

found in areas around the defunct smelter and in yards of

adjacent residential areas. The citizens had requested a health

study because of statements made by the U.S. Environmental

Protection jjjjyicy regarding the hazards of lead and the potential

for harm associated with lead-contaminated soil. The study was

funded by the Agency for Toxic Substances and Disease Registry

through the Illinois Department of Public Health. The Institute

for Evaluating Health Risks, a non-profit Organization where I am

employed, conducted the study for the Illinois Department of

Public Health.
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The focus .of the study was on children under 6 years of age.

Children of this age group are more likely to get exposed and to

take up lead from lead contaminated environments. We recruited

children from the proposed EPA clean up area (determined as soil

in excess of 500 ppm lead) but also from areas outside the clean

up area. We also determined blood lead levels in older children

and adults, including some pregnant women. Contractors hired by

the EPA collected soil samples, dust samples in the houses, tap

water samples, and measured the lead in indoor paint. The

Illinois Department of Public Health collected soil samples and

measured the lead in outdoor paint. This work was completed in

October of 1991. At the moment we have the results of the blood

lead analyses which were performed at the laboratory of the

Centers for Disease Control. We have received the results of the

soil analyses collected by the Illinois Department of Public

Health and the results of the measurements of lead in inside and

outside paint. We have not received the results from the

analyses of soil, house dust and tap water collected by the EPA

and have no indication when these sample results will be
-**3S*~

available. ̂ j*x;
ŜSl̂

In the) study area most houses were built before 1920 and

have old paint with high concentrations of lead. Predominant

sources of lead were paint in houses and lead in soil. Eight

hundred and twenty-seven people from 389 households participated

in the study (Table 1). The mean venous blood lead in 492

children under age six was 6.9 ug/dl (range 0.7 - 40.2 ug/dl); 78
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had blood lead levels above 10 ug/dl, the present level of

concern established by the Centers for Disease Control in October

1991; 7 children (less than 1%) had blood lead levels of 25 ug/dl

or greater, the previous level of concern of the Centers for

Disease Control. Two hundred and twelve children (ages 6*14) had

mean blood lead of 4.4 ug/dl with a range of 0.2 - 18.8 ug/dl and

8 children had blood lead levels above 10 ug/dl. Among the

population over 15 years of age, 123 were tested. Their mean

blood lead level was 3.6 ug/dl and three participants had blood

lead levels over 10 ug/dl as a result of occupational exposure or

hobbies. Furthermore, in the initial testing 58 of the children

with elevated blood lead levels had only slightly elevated blood

lead levels for which CDC recommends only counseling and which

were no greater than 15 ug/dl.

Intervention consisted of home visits and counseling of

parents of children with blood lead levels of 10 ug/dl or above.

The parents were told where in their homes paint with high lead

levels existed, these areas were inspected and suggestions for

short-term and long-term remediation were made, such as .covering

peeling paiofĉ th contact paper and putting furniture in front
jyttm. f

of peeling^USt on window sills. They were instructed in house

cleaning. They were warned to contact the Illinois Department of

Public Health prior to starting any renovations of their homes.

The parents were also instructed to wash children's hands before

eating and before putting them to bed, to clip their fingernails

short, and assure that they receive an adequate diet. The
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affected children and their older siblings were also given these

instructions and the older children were asked to help in the

supervision of their younger brothers and sisters. A repeat

blood lead test 4 months later in children with initial blood

lead levels above 10 ug/dl shoved a pronounced drop with most

blood lead levels below the CDC 10 ug/dl- level of concern

(Table 2).

An examination of the reason for why some children had

elevated blood lead levels is not complete since results of the

analysis of the environmental samples collected by the EPA have

not been reported to the Institute for Evaluating Health Risks, -

the Illinois Department of Public Health or the Agency for Toxic

Substances and Disease Registry. Based on our results of soil

analyses and measuring lead in paint inside and outside of the

houses and by looking at the distribution of the houses where

children lived with elevated blood lead levels some preliminary

conclusions can be drawn. Children with higher blood lead levels

did not necessarily live in houses surrounded by higher soil lead

levels. Houses with high soil lead levels were about as- likely

to have chil&Ma with low blood lead levels (Figures 1 and 2).
Ĥj:

The analyŝ iVr lead in soil revealed that lead levels in soil

close to the house* were much higher (probably paint contami-

nation) than in other parts of the yard. Children with elevated

blood lead levels or with low blood lead levels were relatively

evenly distributed throughout the entire study area, suggesting

that soil lead levels had a minor effect on blood lead levels
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(accounting for less than 7% of the variance in blood lead) .

Thus, it would appear that children do not get clinically

important amounts of lead from soil in the Granite City area. -

The total percent of elevated blood lead levels is similar to

what one would expect to find in many communities even if no

smelter existed.

When visiting all of the families whose children had

elevated blood lead levels we found that reasons for the

elevations varied, they included renovation of old houses, houses

with peeling indoor or outdoor paint, fill dirt in a garage with

very high levels of lead, production of lead sinkers in the

basement of a house to give a few examples. The parents and

their children received extensive counseling in the prevention of

lead exposure. The repeat blood lead level determination

demonstrates that this counseling seems to have been effective.

However, it must be kept in mind that blood lead levels fluctuate

somewhat and additional monitoring of this population should be

done. Unfortunately, I will not have the opportunity to continue

this follow up.

This stajtf. shows that blood lead levels in the Granite City
f̂lL£:

area are sdRR to blood lead levels in other urban areas of the

United States and are much better than national blood lead levels

reported in the late 1970s and early 1980s. There are many

sources of lead. Lead in soil, although perhaps a contributing

source in some cases, does not per se explain elevated blood lead

levels in young children in the Granite City area. The study
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further shows that counseling and educating parents and children

about lead was'effective in reducing blood lead levels.

Mr. Chairman, I appreciate the opportunity to provide the

Subcommittee with this statement. I will be-pleased to answer

any questions you may have.



Table 1. Distribution of blood lead levels8

Age No. M F Mean
BPb
ug/dl

6-71 492 261 231 6.9
mo.

6-14 212 111 101 4.4
yr.

15 123 47 76 3.6
yr.+

i !

Total 827 419 408 5.8 i

Range No. 10
BPb ug/ dl
ug/ dl or

above

0.7- 78
40.2

0.2- 8
18.8

0.3- 3
17.9

1 1).2- 89
40.2

8 These levels are preliminary and may be subject to minor changes following
additional data review.



Table 2.

Comparison of repeat blood lead levels (ug/dl) with
original lead levels In 61 participants*

Age (No.) First BPb Mean Second BPb Mean Range Mean range
ug/dl ug/dl range ug/dl ug/dl of diff ug/dl of dlff ug/dl

6-71 mo 10-35 15 3.5 - 12.7 7.8 2.9 - 24.1 7.2
(51)

6-14 yr 10-19 13 5.6-9.2 7.3 2.8-10 5.9
(7)

15yr+ 12-18 14 5.5- 9.7 7.4 6.2-8.2 7.0
(3)

Total ! 10-35 15 3.5-12.7 7.7 2.9JNB4 7.0

* These levels are preliminary and may be subject to minor changes, following
additional data review.



Fig. 1: Children with High Blood Lead (n=74)
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Fig. 2: Children with Low Blood Lead (n=392)
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^^^~^^^^^^ ^^^ «^ ^^^ *^^w v î rv ^^r^ ^v ^^OT^

>VtttM0iBl pnMMB> f̂̂  pnpflri •£ *• to MM^ ••MM



35 CENTS

GRANITE CITY PRESS-RECORD

Lead
(Continued from P»g« 1A)
areas surrounding the Taracorp
waste pile at 15th and State
streets in Granite City. Local
officials have expressed concern
that the activity might disrupt
business and inconvenience near-
by residents.

"They told the EPA they don't
want to get halfway through dig-
ging up people's yards and find
out about new statistics that
show the whole project wasn't
necessary," said Costello spokes-
man Brian Lott about Thurs-
day's meeting.

Brad Bradley, the EPA's Tar-
acorp project manager, said the
agency would welcome blood
;ests but the results would have
no bearing on its extensive
cleanup plans.

"Blood tests would give resi-
dents an indication of short-term
impact of the lead and could
help alleviate fears." Bradley
said. "But they onlypptgride
snapshot and are
indication of long-t

High exposure t f t i can
damage the nervous and diges-
tive system. It is most hazard-
ous to children, often impairing
mental development and stunting
growth, according to the EPA.

The EPA is scheduled to make

a final decision on a cleanup
plan by March 30 and is accept-
ing public comment until March
12. • :

NL (National Lead) Industries
Inc., which sold its lead smelting
company to Taracorp in 1979,
has submitted its own cleanup
proposal, which would cost about
$6.8 million.

That plan would dean up all
areas with lead level! of- more
than 1,000 parts per million,
affecting about 1.000 residents.
The EPA's plan would affect
3,000 to 4.000 households, and
clean up all areas with lead lev-
els higher than SOO parts per
million.

Costello said he would contin-
ue to work with Frank Coving-
ton, the EPA official who met
with the mayors Thursday, and
try to reach a compromise.

"I was pleased with the coop-
erative attitude exhibited by Mr.
Covington, and his willingness ;to
listen to the mayors and commit
to close communication with
them on this very important
matter," Costello said.

"I will continue to work with
local officials and residents of
the area to make sure that their
concerns are heard by the VS.
EPA."

Sunday, March 4.1990.

Verify lead

EPA told
By Jason Moody
Staff writer

WASHINGTON - Mayors from Granite City
and Madison asked a senior Environmental Pro-
tection Agency official Thursday to explore alter-
natives to a $35 million plan for cleaning up lead
deposits near Taracorp's lead products plant.

At a meeting on Capitol Hill attended by U.S.
Rep. Jerry Costello. Mayors Von Dee Cruse of
Granite City and John Bellcoff of Madison asked
the EPA to consider conducting blood tests on
local residents for any evidence of high lead levels
before going forward with the plan. ,

"We want to make sure that if they are going to
spend $35 million on a lead cleanup plan, that all
'appropriate agencies are convinced there is a seri-
ous health problem," said Cruse.

The EPA made no commitments at the meeting
and has not yet decided on a plan of action, said
John Grand of the EPA's regional office.

The EPA's $35 million plan would include
removal of about 6 inches of soil from residential

($•• LEAD. P»gt 6A)



RN-YEAR-OLD Rteha«*

ii i uv«x*

holds 75 grams ol
din, the amount the U.S. Environrnnnlal

icn Agency predicts a child eats each year.

scientifically, expert says
By Mlk« Mytri
Still writer

GRANITE CITY - The U.S. Environmental
Protection Agency is being "almost Intellectually
dishonest" when it sets a toil lead level of 500
parts per million or greater as sole criteria for
determining a health hazard, in the opinion of an
industry expert.

And area mayors are "right on target" when
demanding blood lead studies of local residents
before cleaning up Ihe Taracorp lead pile In Gran-
ite City, according to Daniel Vornberg. environ-
mental manager for the Doe Run Company's Her-
culaneum I Mo.» Lead Smelter.

Vornberg is the industry member of (he interna-
tional Society of Environmental Geochemistry and
Health task force which has spent two yean pre-
paring guidelines on lead in soil.

He said the scientific community Is on Ihe
threshold of being able to establish a cause/effect
Formula for coil lead levels to blood lead levels.
The results of Ihe task force's study are due to be

released in July.
"Until you can predict over and over again what

(blood lead level) people will have based on the
level of lead in the soil, you're not being honosl
when you set a number." Vornberg snid.

Hut the EPA's Br«d Bradley, project manager
for the tZ5 million Superfund Taracorp lead con-
tamination cleanup plan, said the cutoff level of
SOO ppm is not going (o change, no matter what a
study of blood lead might show.

"A blood study is under consideration." Bradley
mid "But we're not going to use it to set the
cleanup level. ... It's not useful to us."

Bradley said a blood trad study would "only \»
useful" in establishing how much contamination
has already taken place and not in establishing
future risk.

"There is nothing wrong with the EPA wanting
to reduce risk." Vornberg said. ''But reduce risk
based on science. The 'soil lend) numbers they're
using don't necessarily fit what current studies

($•• LEAD EXPERT. P»fl« IDA)

Child: 'Naw, I don't eat dirt'
GRANITE CITY - Seven-year-old Richard Ber

ney looked at the handful of dirt a photographer
had asked him to hold.

"Do you think you eat that much dirt a year?"
be was asked.

"Naw. I don't eat dirt." be said.
"1 do. I eat it all Ihe lime." bragged 10-year-old

Joe Sitton.
Seeing that Richard didn't believe him. Joe

added: "Mostly at night, when nobody else can see
me."

Richard and Joe were playing in Ihe alley
between the 1700 blocks of Dclmar Avenue and
Cleveland Boulevard — near Ihe middle of the
Taracorp lead contamination cleanup area pro-
posed by the U.S. Environmental Protection Agcn-

Along with their ..neighbors —l-yearold Jesse
Lee Thompson. 7-year-old Chris Ca(dwell and
»/year-old Barbara Sitton — they were turning
backflips and somersaults on an old maltress that
was wailing for the trashman. Parents watched
'from nearby.

The photographer interrupted their play to ask

Richard to pose with 75 grams of dirt - (he
amount Ihe EPA model presumes a child eat* in a
year. That figure hns been bandied about recently
is part of continuing developments in the Tara
corp case.

The children said they play together outside
from the time they gel home from school .it Prattl-
er Elementary until dark. •

"Even ajtefjark. sometimes." Richard said.
led." Barbara said,

heard about lend in the dirt in
['looked toward the prospect of

'digging up their yards* as an

'Unless Tin
All of OY

their yard
heavy equlpii
•dventure.

Deciding which yards will l»e removed, and how
deeply, is one of the EPA's next steps, according
to Urad Bradley. EPA cleanup project manager.

The decision" will be based on soil samples, he
said, and not all the yards in the area shown on
past maps will be torn up.

It's also possible, he said, some yards not
included on current maps will be removed.

Bradley said the soil testing, and its accompany-
ing design period, should lake about a year.

Dcr

V€
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•Lead expert-
(Continued (ro<ii P»\j« i*)

chow"
Blood lead levels in children

l iv ing around a JJcri.-ulunt.-um.
Mo.. »mcllcr were part of a
nationwide study conducted in
197S of heavy mcUl contamina-
tion in children living near pri
mary non-ferruua »mcltcrs.

In 1*B«. Vornlwtrg j tnU V*l
Phillips of the Missouri Depart-
ment of Health repeated the
study around the Herculaneum
smelter based on the 1973 model.

At the same time, the study
attempted to reljte those blond
»ad levels to environmental

*ources such as soil lead using
tb« EPA Riokinrtic Uptake Mod-
el. VornberR said that, using the
model, the predicted blood level
and ACtUal bltiuvl level »ese wluie
enough to merit further study.

For the 1984 study, soil lead
and household dust lead levels
were not measured, but. using
the EPA model were piedittetl
it 500 ppm in the areas closest
to the ycneller.

[n IMS. actual *oil uml house-
hold dust i*mule> were taken
and. in the area closest to the
*n teller, were found to be 1.45*
ppm and S.UOO ppm, rt=>|jrvlive-
lj»,

; Using the actual dau collect-
i, a scientific paper presented

at the "Lead in Soil: Issues-and
Guidelines" conference held in
I9M at Chapel Hill. N.<!.. by
'"ornberg. Phillips and James
Lanxafamc suggested modifica-
tion of the amount of dirt eaten
daily by children in
predictive model.

The F.FA's mode l s j& a
child eats an aveAjfijg^gf .2
Crams, or 200 micrograms. of
dirt a day Based on Field data
from llerculaneum and three
other sources. Vornhorg and sev-
eral other scientists say the
actual amount should be 60
microtrams. 01 .08 frum* u iUy.

The modified model matches
actual data collected in 1975 and
1«4 and. using the model. Vorn-
berg was able to make a base-
line projection for 1990 And. hy
varying the amounts of lead m
tht air. rtusi and soil, modified
projections »vrc mmJ«- of what
cffevl reductions in trio*«! Irvcu
u»6uJd haw

".The projected Daieime bi-mrl

lead level for i«o would drop 3.9
micrngram* per deciliter from
tin- 1D« level of 13.8 microKrams
per deciliter, to 99 micrograms
per deciliter.

Uiinfl the same model, an W
percent reduction In the soil lead
level would lead to a blood lead
level of 8.6 micrograms per deci-
liter or a 13.1 percent reduction.

A SO percent reduction in
indoor dust lead would lead to a
blood lead level of 6.0. or a 33.3
percent reduction, and a 7S per-
cent reduction in indoor dust
lead would bring a blood lend
level of $.0. or a «».:> percent
reduction.

The conclusion tu the Vorn-
berg. Phiiiips and t-anrafamc
ttudy sayv

"As a result of the study at
Herculaneum, the authors are
advocating that the biokinetic
uptake model or a subsequent,
more sophisticated version be
used in developing t strategy to
rrduce blood lead levels in a
community where a documented
health problem exists.

"It Is clear from the predic-
tive power of this tool that we
have moved beyond designating
a simple sou lead standard or
air lead standard and we must
attack the proMem on a case-

by <as« basts analyzing all of the
sources and p«thwayi.

"In addition, we must not
overlook house-Specific plumb-
Ing. paint or ceramic warr. prob-
lems."

Bradley xald the MO ppm level
wwIJ continue to be used at the
criteria for cleanup of lead-con-
taminated soil In Granite City,
Madison. Venice and Eagle
Park.

The plan calls for removal of
soil In residential areas with a
lead level of 500 ppm or greater.

lie said the level «ias set
because there is no cun ent stan-
dard for safe lead levels in soil
and because a complete quanti-
tative risk assessment cannot be
done.

"To be considered our guide-
line la MM ppm to i.two ppm (or
residential soil." Bradley said.
"Our only question ks where to

In Uuit range.

Cour
seco
By John Mllazzo
Stair writer

EDWARDSVILLE
Bank was retained
as underwriter for
phase of a two-phase
for construction of t
lion Maaison County
lion building.

The County Board
resolution, jointly sp
its buildings and fir
mine**, naming th
underwriter for the

million.
The board approve

phase, for 19.3 milljc

•'In Granite City we decided
oa 500 ppm because the contami-
nation, came from a smelter
stack, making It the moat trans-
miuable. because residential
areas are located directly
around the site and because
Granite City is •«-
town with additional health risks
beyond the lead."

Waste
senioi
By Manin Btchttr

Military
Larry Brock

Navy Seaman Recruit Larry G.
Brock, son of Larry G. and Mary
P. Brock of Mitchell, has complet-
ed recruit training at Recruit
Training Command, Orlando, Fla.

In the eight-week training cycle.
Brock studied general military
subjects designed to prepare him
for further academic and
on-the-job training in one of the
S'avy'j 83 ba»ie fields.

His studies included seaman-
ship, close order drill. Naval histo-
ry and first aid. Personnel who
complete this course of instruction
are eligible for three hours '•'
college credit in physical educa-
tion and hygi«n«

A 1989 gradual* of Granite City
High School. Brock joined the

in Augusi 1989

Leslie Hollk
Army Sgt. 1st Class Leslie H.

Holik hat been decorated with the
sixth award of the Good Conduct
Medal in Wat Germany.

Tttt award was presented for
exemplary conduct while in th*
active service of the United States.

He is a quality assurance Inspec-
tor with Headquarters and Head-
quarters Detachment, Combat
Equipment Battalion Cast. West
Germany.

Holik is the son of Virginia Holik
of Granite City.

The sergeant is a 19S9 graduate
of GranittClty High School.

Forms for f ree bridal
•nnouocejnenu are available
at the paper, 1815 Delmar
Ave.. Granite City, IH. S2O40.
Contact us at J76-2000.

Staff writer

In the world of b
companies uauully th
terms of burying in-
ters than cooperating

But two of the big
wanle managemen
have teamed up to
money loT Senior citi:

Belleville Area Co
grams and Service:
Persons (PSOP) is a
ville area resident-
paper, aluminum a
raise money through

And PSOP also i:
hHping hand fjnm
Ferris Industries, w

No ta
By John Mllazzo
Statf wfii«f

E D W A R D S V I L I
Madison County
Wednesday approve
tion designating T
Alton/Twin Rivers
and Visitors Bureau
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Lead tests ordered by state
By Mill* Mycri
Stall mlUf

CHANITE CITY - An extensive study
to determine Ihc level of lead exposure in
area residents has been approved by Ihe
Illinoii Department of Health

Plan for Ihe 11-month. S500.000 study
were announced Wedemday by Dr. John
R. Lumpkin. Hale health director.

The study will include Ihe residents of
approilmalely 4.000 Granite City and
Madison homes located within • mile of
Ihe Tararorp lead waMe pile at tsth and
State afreets

The IDfll will hold a public hearing on
Ihe study at 7 p m. Thursday. June 17. at
the Granite City Township Mall. 2060 Del
mar Ave

The lead waste pile and its surrounding
area, as well as somr *re.is of Vrnicr
and Eaglr Park, .ire part at the US
Knvtrnnmrnt.il Protection Agency'* $25
million SuprtftiiiH lr:nl c"nt;imin.ilion
clranup

Thai cleanup calls for Ihe removal of
contaminated toll Irom approximately
1.000 yards. The removed aotl would be
placed on the existing pile, which then
would be sealed over.

The IDPH's lead exposure study was
added to Ihe EPA s Record of Decision.
Ihe legal document that establishes the
remedial cleanup, as a result of public
comments made on the EPA'I plan.

The first phase of Ihe 1DPH atudy,
scheduled to begin In July, will Involve
contacting Ihe residents about brine part
of Ihe study This will Include the identi-
fication of a control group outside the.
contaminated area to be used in the
study.

The second phase, scheduled to begin In
late August, will include a detailed ques-
tionnaire, hlnod and urine sampling, and
the sampling of soil, dust and air lor lead
levels in and around selected houses

"The purpose of this study is to address
Ihe concerns of Ihe area residents about
their health and Ihe health of their chil-

dren," Ulmpkln uld.
"In addition given the widespread

occurrence of lead Id Ihe environment,
understanding how and when It becomes
• haiard Is important to protect the
health and welfare of Illinois citizens."

While he uld he was pleased to hear
•bout the IDPH study. Brad Bradley, the
EPA'* project manager for the Taraeorp
cleanup, said the results of the IDPH
atudy will have no effect on the EPA's
cleanup plan.

Bradley saM Ihe urine and blood lealf
"will only show Ihe amount of kad expo-
sure to residents within the last several
month* ... They are not an Indication of
Ihe long-term risks or effects "

The EPA will not be using Ihe results
of the IDPH toll and dust tests, either.
Bradley said, but will be running its own
soil tests starting in September.

Although Bradley said at one time that
the EPA and IDPH had considered doing
the tests together, he said they had dec id
ed "it Just wouldn't work

"They're Interested In finding the ways
lead gets Into people, while we're looking
lor how much lead It there," Bradley
aald.

"They're looking at Ihe surface, while
we need deeper sample* "

Bradley said letters requesting consent
for testing, to be used by both the IDPH
and the EPA. have been mailed to •
number of residenU In Madison and will
be mailed to Granite Cltlans this week.

According to the IDPH. In children
excess lead can cause learning and
behavior problems plus. In some cases.
menial retardation.

Although the IDPH uld adult* are leu
sensitive to problems from lead exposure.
In older adults elevated lead levels can
cause high blood pressure, kidney dam
age and reproductive difficulties

As a preventive measure. Ihe EPA sug-
gests that parents provide children with a
well-balenced diet that Includes milk,
cheese, spinach, liver and dark green
leafy vegetables

2 nabbed
after guns
are fired
By Bob Slit*
SUM writer

VENICE - Shan fired Into a
street crowd, followed by a
long police chase Involving •ev-
en! Jurtadlctlom, have raauHad
In charge* again*! l»-y«ar-old*
from Cahokla end Centreville

According to Venice pollca,
Sean Flake* of Cahokla was
charged with unlawful IKC of a
weapon and failure to poueaa a
firearm* Identification card.
David McCall of Cenlrevllle
was charged with reckle** con-
duct, unlawful us* of a weapon
and failure to posses* an FOID
card, following Ihe Tuesday
nifht Incident

Police from Venice. Madison,
Granite Cily and Madison
County were Involved In the
pursuit and apprehension The
chase ended in the 1400 block
of Madison Avenue

According to Madison Car-
retl. of Garrelf* Cut Rale
Uquors on Weaver Street, •
red and white Chevrolet pickup
truck containing fix men puuad
In (rant of Ihe tavern, where he
wu standing with hi* niece at
•bout 10:30 p.m.

Garret! uld the occupant* of
the -truck yelled it some

(to. IHOOTMQ. •*•» •»!



iuDft between the* let H 'Of
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meeting o/*th» Society
: Environmental Geo-
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•Stfudy—
(Continued horn P«g« 1A)

Park, add the soil to an existing
Iea4 pile at Taracorp, isth and
State streets, and cap the pile
with clean soil and grass. The
project is estimated to cost 130

11-

.Granite City has filed a law-
soil In federal court seeking to

the EPA reconsider its
plans. The city wants
of the lead pile, and

casings used to pave
but wants the EPA to

alternatives to removing
soil.

the formal report is yet
to come, Tarpoff said the results
of tfe* three-city study were dis-

at length at the confer-

!•' Baltimore, where 406 chil-
dru with a pre-remediation
mean blood-lead level of 124
micrograms per deciliter were
studied, blood-lead levels in the

children in the study greup actu-
ally increased, Tarpoff said

"I can't say for certain that
the remediation process,created
increased dust levels, tausing
the results, but common sense
tells me that," Tarpoff said.

"Chances are we 11 find an ele-
vation in blood-lead in Granite
City (after cleanup), based on
the Baltimore findings," be said.

In Cincinnati, where 225 chil-
dren with a mean pre-remedia-
tion blood-lead level of* 11.7
micrograms per deciliter were
studied, a project manager
reported that "oo statistically
significant correlation between
soil-lead and blood-lead was
found," Tarpoff said.

And in Boston, where the
mean level of soil contamination
was more than 2,000 parta. per
"liffl^n — much h*gfr*r than the
mean of 790 ppm in the Granjte
City target area — the mean
Wood-lead level in children wfcs
reduced by 1.4 micrograms

1

Be said
statistically significant, wefe
"practically insignificant wMa
you consider the cost and
of the cleanup."

EPA officials had predicted
that the Bostoa children's itiean
blood-lead level should have
been reduced by twice :fhat
amount Tarpoff 'dud. --' -1

Asked if he thought the stilly
would affect the EPA's TaratiMb
plan, Tarpoff said, "It shouM,
but I wouldn't b« surprise** Ttf
EPA'<tries to--discredit "lite
study."- • • • • • ' «'»••»

Brad Bradley, EPA prtffeet
manager for the Taracorp reme-
diation, said be is familiar wM>
the throe city study .but
resulto-T^ ^ ^

He said the
rider aty. ([
that conges
lead). Bat a* far as
plan,Tni not SUM."
rB»i«V reiterated
posltKp.that such studiet
oat? aT snapshot in time*

:'vv: 'tmt
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ABSTRACT

A lead exposure study of 827 participants was conducted around a closed secondary lead
smelter in August and September of 1991 in Granite City, Illinois. The arithmetic mean venous
blood lead level in 490 children under 6 years of age was 0.33 Mmol/L (6.9 Mg/dl), with a range
of 0.03 to 1.94 >imol/L (0.7 to 40.2 Mg/di). The blood lead levels wet* log-normally distributed
with a geometric mean of 0.27 Mmol/L (5.58 Mg/dl). Of the 78 children under 6 years of age
with blood lead levels 20.48 Mmol/L (210 Mg/dl) only 5 children had a blood lead level
> 1.21 Mmol/L (>25 Mg/dl). Blood lead levels in 214 youths from 6 through 15 yean of age
were lower, with a mean of 0.33 Mmol/L (4.4 Mg/dl) and a range of <0.03 to 0.90 Mmol/L
(<0.6 to 18.8 Mg/dl)• Only 8 children in this group had blood lead levels 20.48 Mmol/L
(210 Mg/dl)- Mean blood lead levels in adults were 0.17 Mmol/L (3.6 Mg/dl) and in 14 pregnant
women 0.08 Mmol/L (1.6 Mg/dl). Complete blood counts and a battery of clinical laboratory
tests revealed occasional abnormal findings unrelated to lead exposure.

Many houses in this community were built before 1920 and some were in poor condition.
Seventy percent (70%) of interior paint and eighty percent (80%) of outside paint in those houses
contained > 1 mg/cm3 of lead, and many lead paint measurements were > 6 mg/cm2. The level*
of lead in composite soil from the yards of these houses ranged from 37 to 3,010 mg/kg (37 to
3,010 ppm) and the concentration of lead in bouse dust ranged from 5.2 to 71,000 mg/kg (5.2 to
71,000 ppm) on a weight basis and from 0.02 to 58,800 Mg/or1 on a surface area basis.

Blood lead levels in children tended to be higher as the condition of the house they lived
in and their parents' education and income level decreased. Houses with higher lead paint levels
had higher soil lead levels but the soil had little effect on blood lead levels.

The mean blood lead level of children living in houses in good condition was
0.29 Mmol/L (6 Mg/dl)- Children living in houses in fair condition had mean blood lead levels
of 0.4 Mmol/L (8.2 Mg/dl) and children living in houses in poor condition had mean blood lead
levels of 0.57 Mmol/L (11.8 Mi/dl). The dust load was higher in houses in poor condition than
in houses in good condition.

Regression analysis showed that lead in paint alone accounted for 3% of the variance in
children's bloJHB teveb. Lead in paint and the condition of the houses together accounted
for 11% of t^^Etce in blood lead. Adding soil lead to the regression equation for lead in
paint and theiWfen of the bouses accounted for an additional 3% of the variance in blood
lead. Only 40% of the variance in blood toad could be accounted for by including all of the
variables in the study.



MADISON COUNTY
LEAD EXPOSURE STUDY
GRANITE CITY, ILLINOIS

CSTRODUCTION

The NL Industries/Taracoip site is located in a mixed industrial and residential area in
the City of Granite City, Illinois. Tancorp is one of 41 National Priority List (NPL or
Superfund) hazardous waste sites in Illinois. The Illinois Department of Public Health (IDPH),
in conjunction with the Agency for Toxic Substances and Disease Registry (ATSDR), evaluates
each Illinois Superfund site's potential to harm public health.

The study described in this report was undertaken as part of a larger study of lead
contamination at Superfund sites in several states. The objectives of the Illinois pan of this
study were:

1. To determine the concentration of lead and cadmium in blood and urine in target
populations.

2. To determine the level of lead and cadmium contamination in environmental
media in target areas.

3. To compare these levels with levels of contamination observed in a comparable
nontarget area which in this part of the study was a continuum of the target area.

4. To determine how distance from the point source was related to blood lead levels,
levels of lead in soil and in paint and to the condition of the houses and other
elicited variables.

5. To evaluate the contributions of various environmental sources of lead (paint,
soil, drinking water and house dust) to the overall lead exposure of children.

6. To examine the impact of a number of variables (such as socioeconomk factors,
factors of the children and awareness of parents of the pathways of

e) on lead exposure and lead uptake by children.

In addition to the Illinois study, the multistate study included three mining and/or
smelting sites where the potential for exposure to lead and cadmium existed. The objectives in
these studies were similar. Cadmium was not present in higher than background concentrations
in the Granite City, Illinois area, however, for the sake of consistency, cadmium data were
collected.



BACKGROUND

The population within a 3-mile radius of the Tancorp site numbers 34,000 and the
closest restdnts live within 100 yards of the boundary of the site. Although the site is located
in Granite City, two other towns, Madison and Venice, are also located in close proximity to
the site. A map is attached to illustrate the area (Figure 1).

Industrial History

Operations at the site started in 1895 as the Markle Lead Works. The Markle Lead
Works manufactured lead shot and clay pigeons. Fire destroyed most of the facility in
November 1900. In 1901, the plant was rebuilt and included a lead smelter. Prior to 1903,
processes at the site included manufacturing lead shot, sealing wax, mixed metal, rolled sheet
metal, and dross refining. Between 189S and 1903, Hoyt Metals purchased the site from the
Markle Lead Works. In 1903, United Lead purchased the smelter from Hoyt Metals and added
secondary smelting capabilities. In 1928, NL Industries (formerly National Lead Company)
acquired the smelter from United Lead. Battery recycling began in the 1950s. In 1979, NL
Industries sold the site to its present owner, Taracorp Industries.

Taracorp operated a secondary smelter with the capacity to produce 22,000 tonstfrf lead
products per year. In 1983, Taracorp ceased smelting in an effort to reduce lead air emissions
but continued to operate the metal refining and fabricating facilities at the site. A slag storage
area is located on the southern boundary of the site. A preliminary site assessment performed
in May 1983, estimated that 200,000 tons of lead waste were present at the site. Most of this
waste was in and around the slag storage area. The slag storage area contains slag, metallic
lead, lead oxide, cadmium, arsenic, iron oxide, silica, rubber and plastic battery cases, general
refuse, drums, and matte.

St. Louis Lead Recyclers (SLLR) borders Taracorp on its southwest boundary. SLLR
was originally established in 1980 to reclaim lead from batteries. In 1982, SLLR reached an
agreement with Taracorp, allowing SLLR to recycle various material* from Taracorp. From
1981 to 1983, SLLR processed an »f*i""*H 11,000 tons of material from Taracorp's slag pile.
Materials that could not be recycled (for example, slag and hard rubber) were placed southwest
of the slag pile. In Jane 1983, SLLR discontinued recycling lead from the slag pile.

. t
Railroad, and Tri-Cities Trucking Inc. own properties bordering the site. SLLR
^tenant on the land owned by Trust 454.

Dross is the name given waste products or impurities from the surface of molten metal.

Secondary smelting is the process of smelting lead-bearing materials other than ores such
as slag or mane (a by-product of smelting containing metal sulfides and metal oxides).

V. 4



The now closed secondary lead smelter contributed to off-site soil contamination during
80 years of airborne lead emissions related to smelting, surface runoff, and fugitive dust
emissions from contaminated on-site surface soU and slag piles. The site achieved NPL status
in 1984 and ceased-smflting operations in 1983.

Characterization of the Site Prior to the Study

Sail

Soil samples collected from the industrial site in 1988 contained lead in concentrations
ranging from 1,500 to 48,000 mg/kg (1,500 to 48,000 ppm). Slag piles and other surface
wastes were estimated to contain up to 300,000 mg/kg (300,000.ppm) of lead. On-site cadmium
soil concentrations in 37 samples ranged from <2 to 12 mg/kg (<2 to 12 ppm). Off-site
samples collected from residential yards and gardens revealed lead concentrations that ranged
from 106 to 9,493 mg/kg (106 to 9,493 ppm) (mean - 1,030 ppm, median » 905 ppm,
n a 40 ppm) and cadmium concentrations of 0.4 to 15.7 mg/kg (0.4 to 15.7 ppm).

Surface Water

The two main surface bodies of water, the Mississippi River and Horseshoe Lake are *?
located at least two miles from the site. The Mississippi River is monitored regularly for
compliance with quality standards and drinking water standards and has thus far not shown any
discemable site-related heavy metal contamination. Although monitored less frequently,
Horseshoe Lake has no history of potentially site-related contamination. The distance from the
site and the potential environmental mobility of site-related contaminants make such
contamination unlikely.

Ail

Ambient air monitoring has been performed since the late 1970s by the Illinois
Environmental Protection Agency (IEPA). Air lead levels taken from monitors closest to the
site regularly exceeded the 1.5 /ig/m* National Ambient Air Quality Standard (NAAQS) for lead
during the 1970s and early 1980s. The highest quarterly average recorded during the final
months of 1981 was 7.3 jig/nt1, while the 1981 yearly avenge was 3.03 m/m*. Because of
persistent air standud.yiolations, Taracorp was denied a state license to operate the smelter in
1983. Since th^^Br ceased operations, air lead levels have remained below the NAAQS

Groundwater and Putt Samples

Groundwater contamination by inorganics directly under the site has occurred. However,
this water is not used for drinking purposes and the contamination does not appear to have
moved any distance off-site. No infc -mation was available on concentrations of lead or
cadmium in house dust prior to this study.



Human Exposure

In 198£ and 1983, IDPH determined blood lead levels in a total of 99 individuals from
43 househdftrwithin 3.2 km of the secondary lead smelter in Granite City and Madison. This
group included 47 children under 6 years of age. The mean blood lead level of these children
at that time was 0.64 nmoVL (13.2 Mg/dl) with a range of 0.05 to 1.79 pmoVL (1 to 37 jig/dl).
In 1983, similar blood lead levels were found in 31 children in Venice, an adjacent "town to
Granite City. At that time, the mean blood lead level in the United States for children under
6 years of age was 0.73 nmoVL (15 Mg/dl).

The IDPH, together with ATSDR, completed a health assessment of the Taracorp NPL
site in 1991. Based on the extent of lead contamination and possible human exposure, a
potential health risk was deemed to exist. That finding, along with citizen concerns, prompted
this exposure study.

METHODS

Rationale for Study Design

In the absence of a totally geographically separate comparison area, the primary
hypothesis to be tested for this cross-sectional study using regression analysis was whether lead
in soil contributed significantly to blood lead levels in children. It was postulated that, if soil
lead was an important source of lead exposure, participants living farther away from the smelter
would be less likely to have elevated blood lead levels than those living nearer.

Although other age groups were included in the study, the major focus was on children
aged 6 through 71 months who had lived for at least three months at their present address. Blood
lead levels are largely reflective of recent exposure and a three month residency was used to
ensure that blood lead levels were associated with the current residence. Since young children
are more susceptible to the effects of lead, and are more likely to be exposed, the sampling
strategy for selecting study participants required the intentional over-sampling of this group.
Smaller numbers of other eligible residents, aged 6 through 45 yean and some older persons
were included from the target and comparison areas.

Target and Comparison Areas

the NPL site or proposed cleanup area extended 0.8 km from the smelter.
Following a site visit and a census by IDPH and Institute for Evaluating Health Risks (IEHR)
in May of 1991, participants were recruited from within and from outside this area in concentric
rings extending for another 3.2 km. No suitable comparison group that was not a continuum
of the declaration area (the area proposed as the cleanup area by United States Environmental
Protection Agency [USEPA]) could be identified. An attempt was made to include another
residential area, Pontoon Beach; however, the houses there were built sometime during the last
three decades or represented trailer parks of recent vintage. Within a reasonable distance from



the study site, no other small-to-medium sized towns could be identified with a housing stock
of similar age and a population of similar socioeconomic status as the study area. It was,
therefore, decidedjo^recruit study participants from regions of Granite City, Madison, and
Venice with similartrousing stock but differing in proximity to the closed lead smelter. Since
no separate control group was available, hypothesis testing comparisons in the Illinois part of
the study primarily consisted of regression analyses. However, dichotomous analyses of the
data were also performed by dividing the population into two groups using soil lead
concentrations < 500 mg/kg (< 500 ppm) and ;> 500 mg/kg (2 500 ppm) as cutoff points. This
comparison reduced the sensitivity of the study, and might have introduced a bias since other
relevant risk factors in the study population varied with soil lead concentration and distance from
the closed smelter. Regression analyses were, therefore, the more appropriate approach.

phase I: Census Survey and Enrollment of Participants

In the summer of 1991, a census of part of Granite City and all f the two adjacent towns
of Venice and Madison was conducted by IDPH. Four residential sampling regions were
defined based on EEPA data that suggested that the soil lead concentrations decreased with
distance from the smelter. It was presumed that sampling region one, closest to the smelter, had
the highest soil lead concentrations. This was the area placed on the NPL by the USEPA.
Sampling region two was presumed to have soil lead concentrations ranging from slightly above
to slightly below 500 mg/kg (500 ppm), while the soil lead concentrations in sampling regions
three and four were presumed to be lower.

The initial definition of sampling regions was somewhat arbitrary without knowledge of
exact soil lead concentrations in the four sampling regions. The objective was to achieve a fairly
representative range of soil lead values. Exact soil lead data collected during the study replaced
the initial sampling area designations. ~

A copy of the census form is attached (Appendix A). IDPH trained the interviewers and
conducted the census. The census taken interviewed the head of household or a knowledgeable
adult surrogate at each house. The census data were grouped into four sampling regions.
Sampling region one occupied the smallest geographic area. Some houses in the second
sampling region were still in the USEPA cleanup area while the bouses in sampling region three
and four were outside the cleanup area. Age, sex, and length of residence were recorded for
each individual uflttEtousehold. A 90-day residency was required to participate in the second
phase of the stu^^^lni requiiement insured that the children had spent the summer at their
present residenaMMfd time to develop blood lead levels indicative of their environment. The
second phase consisted of collecting household and personal interview data, blood and urine
specimens, and environmental samples.

Phase n: Interviews

All families in the census area with children under six yean of age were contacted during
the latter part of August and through September 1991 and invited to participate in the study.



The household identification number for each household that participated in the census was
retained and used for the household questionnaire and the environmental samples. In addition,
each parucjgttt received an identification number which was linked to the household
identification number. All females listed as pregnant on the census forms were invited to
participate in the study unless they had given birth in the interim. A number of families
participated who did not have children under six years of age because the age of their children
was entered erroneously on the census form or the children were six years old or older by the
time the study was done. Overall, 33 families without a child under 6 years of age participated.
One of these families was chosen because of pregnancy.

Appointments were made for interviews and specimen collection; participants were asked
to come to a centrally located office to be interviewed and to visit St. Elizabeth Medical Center
to donate blood and urine specimens. A consent form (Appendix B) approved by a human
studies review board was explained to the participants, and each participant was asked to sign.
A parent or guardian was asked to sign for each minor child. Minors capable of signing were
also asked to do so. Participants were informed that all identifying information would be kept
confidential and that personal identifiers would be removed prior to release of the data for
publication or use by any government agency. Permission to obtain environmental samples at
a later date was also obtained at the time of the interview. ^

The interview questionnaire (Appendix C) was administered by trained interviewers.
Questions were asked about the household, occupation, hobbies, income, and education of the
parents; behavior of the children; and all potential exposures to lead. The questionnaire
consisted of two parts, one dealing with the household and one with the participant. Some
questions in the household questionnaire dealing with mining activities and hobbies had fewer
than 10 affirmative responses. The mining questions were irrelevant for the study in Illinois
since this population did not engage in this occupation. They were included since the same
questionnaire was also used for studies at the mining sites. These infrequent affirmative
responses were not included in the statistical analyses. The questions concerning time spent in
different locations were transformed to create t single variable expressing the average time spent
at home. The participant questionnaires were separated by age: 6 through 71 months, 6 through
14 yean, and IS yean and older.

Phase ML BJoJorioU Sptdnnot

>^^_ .the interview, the participants donated venous blood and urine specimens at
St. ElBVlMedical Center. Blood specimens were obtained by trained pediatric
phlebotoniists. Urine was collected in either 250 ml sterile collection cups or 150 ml sterile
collection bags for children not yet toilet trained. Details of the collection and handling of
specimens, and laboratory methods are reported by Midwest Research Institute (MRI), Kansas
City, Kansas (Appendix D).
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Laboratory Methods and Quality Control

Clinical laboratory tests of blood and urine specimens are listed in Table I. These tests
were performed by either the Centers for Disease Control and Prevention (CDC) in Atlanta,
Georgia, St Elizabeth Medical Center in Granite City, Illinois or the LaRocne Laboratories,
Kansas City, Kansas (Appendix D). The transport and handling of specimens was supervised
by MRI and CDC. The blood was analyzed for lead at CDC using a published method1. This
method has a limit of detection of 0.03 pmoUL (0.6 Mg/dl). Additional venous blood specimens
were collected four months and one year later from children with an initial blood lead level
greater than or equal to 0.48 nmoUL (10 Mg/dl) and analyzed for lead at CDC. Urine samples
were analyzed for cadmium according to the method reported by Pruszkowska et al.: with a limit
of detection of 0.1 ng/L. Duplicate samples and quality control samples were also analyzed.
This is described in detail by MRI in Appendix D.

•

Environmental Samples

Soil, house dust, and drinking water were collected by a contractor for
USEPA-Region V (Chicago). In situ indoor paint analyses were performed by an experienced
lead paint inspector on contract to USEPA using an X-ray fluorescence (XRF) device. A copy
of the USEPA sampling protocol is appended (Appendix E). Up to 18 readings were taken in
3 frequently occupied rooms from walls and woodwork. The XK-3 XRF instruments used in
this study lose their sensitivity at lead paint concentrations > 10 mg/cm2. The amount of lead
in paint >10 mg/cm2 was estimated using the average weekly calibration time to get a
10 mg/cm2 reading and dividing the test reading by the ratio of the time to obtain a reading over
the average calibration time. The condition of the paint where a reading was made on the inside
of the house were rated as (1) intact, (2) slightly peeling, (3) moderately peeling, and
(4) extremely deteriorated. The measurement of lead in outdoor paint was contracted through
IDPH and the EEHR with the same contractor used by USEPA-Region V, (Chicago). Up to
12 exterior readings per house were made. For the outside of the house, three conditions were
used: good, fair, and poor. Ratings for the exterior condition of the house were missing for
59 houses or 15%. A mean building condition score of 1.389 was assigned to those bouses so
that building condition could be used in the regression analyses. Building condition missing
values were not associated with any other variable and regression analyses including a missing
value dummy variable showed that this procedure had no effect on the calculations.

Soil samples were analyzed by EPA method 6010* using inductively coupled argon
plasma (ICAFfcHMfon spectroscopy. Both wet and dry soil lead levels and total solids were
determined. ^^B» dry weight lead levels are reported here. Obvious paint chips were
removed prioJ^^Eaoalysis. A detailed description of the methods used to collect and analyze
the envuTOmefflaTCamples is appended (Appendices B, F, G, and H). Thirty-nine duplicate
samples were analyzed as a quality control measure.

Lead in dust was analyzed using a technique similar to that used to analyze soil
(Appendix H). The concentration of lead in house dust was not the best indicator of potential



lead exposure because the size of the different areas that had to be vacuumed to obtain sufficient
dust varied. A variable, "dust load", was calculated by dividing the dust sample weight by the
surface aflEC?vacuumed and multiplying that ratio by the dust lead concentration. The
concentration of lead in drinking water was determined in a First draw sample from the kitchen
tap of each household by graphite furnace atomic absorption spectrophotometry.

Cadmium was determined in house dust and soil by ICAP emission spectroscopy and in
water by graphite furnace atomic absorption spectrophotometry.

The limit of detection for lead in house dust was 20 mg/kg (20 ppm), for soil
£ 20 mg/kg (£20 ppm), and for drinking water £2.0 Mg/L (£2.0 ppb). The limit of detection
for cadmium in house dust was 2.0 mg/kg (2.0 ppm), for soil 1.0 mg/kg (1.0 ppm), and for
drinking water £0.5 pg/L (£0.5 ppb).

Reporting of Results to Participants

The participants were informed of their individual clinical and environmental results by
letter. The results of the clinical tests were presented at a public meeting in the spring of
1992 without revealing the identity of the participants to reassure residents and encouragetparents
or guardians of untested children to have them tested. All families with at least one child with
a blood lead level of 0.48 pmol/L (10 /tg/dl) or above were visited, and potential sources of lead
in the immediate environment of the child were identified. The parents or guardians were
instructed in nutrition, in personal hygiene of the children, and in reducing exposure through
housekeeping and minor remediation of trouble spots in or outside of the residences.

DATA ANALYSIS METHODS

Data Entry and Transformation

Information from the census forms was entered into ASCII files and was manipulated by
two microcomputer database management programs (dBase IV and BMDP-EM Data Manager).
The preceded questionnaire data were directly entered into electronic data files. Key data were
entered twice to assure accuracy. All laboratory data were supplied electronically and in hard
copy b^^Ufferent laboratories and contractors. For values below the limit of detection, half
of the flHpltto umit of detection was used. For the XRF readings, the value 0.001 mg/cm2

was u^^Rjwro readings to ensure that no cases were dropped during the calculations, since
the lof^W^I treated as missing in the statistical program used for data analysis. This value
of 0.001 mg/cm1 did not affect the analysis.

The XRF data for five houses, lead levels in dust for six samples, lead levels in drinking
water for four samples and the rating for 15% of the outside condition of the houses were
missing. The missing data appeared to be random and no significant association was found
between missing building condition and any other variable.
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Since intact paint is less likely to result in exposure, the XRF reading was transformed

multiplying each paint XRF reading by its surface condition. The sum of ail indoor paint
J,nditi°ns multiplied by the XRF readings for a house was divided by the number of measures
taken to yield an a*eoge condition times XRF for each house. The same transformation was
oerfonned for the outdoor XRF readings. The transformed XRF variables produced modest
• orovemcnts in correlations with blood lead.

The approximate distance and the direction of each house from the closed smelter was
estimated by locating the houses on a map and measuring the distance with a ruler.

Statistical Analyses

The Statistical Analysis System (SAS)4 for the microcomputer was used. Univariate
(descriptive) statistics were run on all variables. Only summary statistics (means, medians, and
ranges) are reported here. Distributions of the biologic and environmental ffrta were positively
skewed. Log transformation of these data resulted in more normal distribution. Where log-
tfansformations were performed the geometric means of these variables were also reported.

Variable Selection
•j

Simple bivariate Pearson correlations, analysis of variance, t-tests, and chi-square
analyses (with high/low blood lead grouping of subjects under 6 years of age) wen inspected
to eliminate variables that did not appear to be ^wriatftd with blood lead. However, some
variables (for example, water lead) that could have been »H«IJM»«H at this stage were retained
based upon a priori hypotheses that all of the environmental samples would contain some lead
and would have some impact on blood lead levels.

Bivariate analyses are presented for many combinations of variables. Blood lead values
20.48 pmol/L (210 Mg/<U) were "Jed to define the high blood lead group among children
under 6 yean of age for group comparisons and the more important predictor variables. The
group living in regions with composite soil lead levels <500 mg/kg (<500 ppm) were
compared to the group living in regions where the soil lead levels were 2500 mg/kg
(2500 ppm).

Multiple nMBatjNi/conelation modelling*, which produces a set of multiple correlation
coefficients, waa^^Esed for three purposes. First, multiple regression was used to help
identify variable^^Ktad some utility in predicting blood lead levels in this population.
Second, a maxinranTTCfressioo coefficient R2 improvement analysis was conducted to identify
the set of variables with the greatest predictive utility. Finally, hierarchical regression modelling
was conducted to evaluate the contribution of soil lead to Mood lead and house dust lead.
Hienrchial regression modelling involves the sequential addition of variables to a multiple
regression equation. At each step in the sequence, a set of one or more variables is added to
those already entered and a standard regression equation is derived. The incremental change in
R2 represents the independent contribution of the last set of variables to the total variance
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accounted for by the regression model at that point. Hierarchical regression provides a means
of testing the significance of a relationship while controlling statistically for the effects of other
variabjfCrtiiat could confound or modify the relationship.

Controlling for variables such as age, sex, and SES (socioeconomic status) can
"overadjust" the relationship with blood lead and other key variables in the regression analysis.
Therefore, only a very small set of predictor variables was analyzed through hierarchical
regression.

RESULTS

Participation Rates

Census

The census resulted in the collection of 5,734 household census forms. Census workers
were unable to interview anyone at 600 addresses (10.5%). Some of these addresses were
believed to be vacant houses and apartments, but no definite occupancy determination could be
made. There were 5,134 usable census forms. A total of 906 (17.6%) households met the
initial qualification criterion for participation in the study. One or more children under 6 yean
of age had lived in these dwellings for at least 3 months. After screening visits or telephone
calls, 116 households were d««qnHiliffcd because the family had moved since the census, they
were away on vacation; all of the children were younger than 6 months or older than 6 yean;
the family had lived at the address for less than 3 months or the child in the family under
6 yean of age no longer lived there, or had not yet lived there for 3 months.

Residents of the neighboring community of Pontoon Beach were included in the initial
census; they were considered as a possible second group of study control subjects adjacent to
the eastern border of Granite City and about 7.2 km removed from the closed smelter.
However, Pontoon Beach residents were dropped from the final study target population because
there appeared to be only 26 Pontoon Beach families in the census who qualified for selection
and because the houses were newer or the children resided in a trailer park. This process of
elimination resulted in a final "nominal" target population of 790 households. This number
included homfhoktt where, subsequent to administering the census questionnaire, no further

made.

Of the 790 target households, 355 (45%) participated in the study. Another
33 participating families (not counted in the 45% participation rate) lived in the target regions,
but none had a child under 6 yean of age. The data for this group of 33 households were not
used in the main analyses of this report.
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A total of 266 (34%) households refused to participate. Most of the families that refused
stated that they did not want to subject their child to the study's blood sampling procedure.
Some of the adultsojntacted expressed hostility or distrust, in some cases confusing our study
activities with the UStPA proposed cleanup of the site listed on the NPL.

Another 169 (21 %) target households listed in the census could not be contacted, or were
scheduled for, but missed, numerous appointments. Many of those who missed appointments
did so for seemingly valid reasons (sickness, vacation, or work schedule conflicts), while some
were rescheduled so many times that they were considered to be refusals. Most of households
in this group population were difficult to contact. Of the 790 target households with young
children, 30% had no telephone number on the census form, making follow-up contacts difficult
even though the residences were visited several times. Study qualification, participation, and
refusal rates are presented in Table 2.

participation bv Sampling Regions

The target population for this study was geographically divided into four sampling
regions. The regions can be described as four approximate concentric circles, around the
Taracorp site. The sampling regions were of unequal size, with sampling region one (closest?!
to Taracorp) containing the smallest number of houses. This region, when the study was done
in 1991, represented the potential cleanup area. It extended roughly 0.8 to 1.0 km in all
directions from the Taracorp boundary. Sampling regions two and three were each roughly
0.8 to 1.0 km in width, and sampling region four was roughly 1.2 km in width. Participation
by sampling regions is presented in Table 3. Participation rates were similar for each sampling
region, with a slightly lower rate of participation in region four, the region farthest from
Taracorp.

The participants lived in 388 separate households. Occasionally more than 1 family
shared a household. There were 230 families with 1 child under the age of 6 years, 106 families
with 2 children under the age of 6 yean, and 14 families with 3 or more children under the age
of 6 years. In some of the larger families, not all children had the same parents. A total of
212 youths aged 6 through 14 from 107 households wen included in the study. Of these,
56 households had 1 youth and 51 had 2 or more, resulting in an average of 1.98 youths aged
6 through 14 yean per household. A total of 123 youths, more than 14 yean old, and adults
also participatedlMfe study. These adults came from 87 households, with 51 households
supplying oalyj^lElt <niere were l°l noownite children in the study population; of these
87% were of affffkaxncaa descent.

Participant Characteristics

Participant characteristics differed by sampling region. Overall, 17% of the beads of
households had not finished high school, 45% had graduated from high school, and 38% had
education beyond high school. The education level achieved by the parents of children under
6 yean of age with blood lead levels of 20.48 Minol/L (210 Mg/dl) differed significantly from
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parents with children under 6 yean of age with blood lead levels of <0.48 /tmol/L (< 10 Mg/dl)
(p < 0.001). Among the heads of household whose children had blood lead levels 2 0.48 nmoUL
(2 lOjig/dl), 35% had not finished high school, 42% had a high school diploma, and 23% had
someTflgher education. For the heads of household with children with blood lead levels
<0.48 nmoVL (< 10Mg/dl), 14% had not finished high school, 46% had a high school diploma,
and 40% had some higher education. Fifty-eight percent of the heads of households with
children under 6 yean of age with blood lead levels sO.48 >*mol/L (210 Mg/dl) had incomes
of less than $15,000 per year. Only 41 % of parents with children whose blood lead levels were
<0.48 Mmol/L (< 10 Mg/dl) were in this group. In the $15,000 to 25,000 income group,
24% had children with blood lead levels 20.48 pmoVL (2 10 Mg/dl), while 22% had children
with blood lead levels <0.48 Mmol/L (< 10 Mg/dl)• At income levels of $25,000 or above,
37% had children with blood lead levels <0.48 junol/I. (< 10 Mg/dl), while 18% had children
with blood lead levels 20.48 nmolfL (2 10 Mg/dl)- This difference was statistically significant
(p < 0.01). As income increased, the chance that a child in the family had an elevated blood lead
level decreased; however, education was a better predictor of blood lead levels than income.

At least 1 smoker was present in 263 (68%) of the households. In 5% of the households,
6 or more smoken were present. The mean number of cigarettes smoked per household per day
was 16, with a range of 0 to 88. A total of 341 (87.8%) of the 388 households had air-
conditioning.

In households with air-conditioning, the average number of cigarettes smoked per day
was 17.6, and in bouses without air-conditioning, the average number of cigarettes smoked per
day was 35.4 (p<0.01). There were an average of 2.4 smoken, smoking a mean of
33 cigarettes per day, in households with children whose blood lead levels were 20.48 Mmol/L
(210 Mg/dl), and an average of only 1.6 smokers per household, smoking a mean of
18 cigarettes per day, with children whose blood lead levels were <0.48 nmolfL (< 10 Mg/dl).
This difference was also statistically significant (p<0.01).

For the children under 6 yean of age, the amount of time spent at home did not appear
to affect blood lead levels. The time spent sleeping, playing outside, and playing on the floor
were of some predictive value and were used in the regression analyses.

Clinical Laboratory Remits

and urine specimens were collected .between August 23, 1991, and
}20,1991. Results of blood lead analyses are given in Tables 4 through 6. The
mean blood lead levels for each age group were below 0.48 laaoVL (10 Mg/dl), the

current CDC level of concern4. Blood lead was measured in 490 children (261 males and
229 females) from 6 through 71 months of age. Figure 2 shows the distribution of the blood
lead levels by year of age in the children under 6 yean of age. As shown in Figures 2a through
2c, blood lead levels peaked in the children around 2 yean of age and then gradually declined
in older children to the same values observed in children around 1 year of age.
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Blood lead levels were also determined in 214 youths (11 1 males and 103 females) aged
6 through 15 yean and in 47 males and 76 females older then 15 yean. Thus, 827 blood lead
determinations were made in all. The arithmetic mean blood lead levels for the youngest age
group (between fcaa*71 months of age) was 0.33 pmoVL (6.9 Mg/dl), with a range of 0.03 to
!.94 pmoVL (0.7 to 40.2 Mg/dl). In that group, 78 children (16%) had blood lead levels
20.48 ntnoVL (2 10 ng/dl). For the children from 6 through 14 yean of age, the arithmetic
mean blood lead level was 0.21 /tmol/L (4.4 Mg/dl), the range was from <0.03 to 0.90
(<0.6 to 18.8 Mg/dl). In this group, eight children had blood lead levels of 20.48
(2 10

Among a total of 101 nonwhite children under 6 yean of age, 87% were
African- American. Of these children, 19% had elevated blood lead levels; the arithmetic mean
for this group was 0.35 prnol/L (7.4 Mg/dl). The arithmetic mean blood lead level of white
children under 6 yean of age was 0.32 /tmol/L (6.8 Mg/dl). Thus, the blood lead levels of
African- American children were quite similar to those of white children (t » - 1 . 1 ; NS). These
two groups of children were, therefore, combined in the analysis.

Among the children 6 yean of age and older, 17 African-American boys and
16 African-American girls participated in the study. Their arithmetic mean blood lead levels
were 0.20 Mmol/L (4.2 Mg/dl) and 0.23 Mmol/L (4.7 Mg/dl), respectively. None of these-
children had blood lead levels of 20.48 ^molfL (2

The 43 white adult males had an arithmetic mean blood lead level of 0.28
(5.8 Mg/dl) and included 3 male adults with elevated blood lead levels. One of these 3 males
had made lead sinken, 2 were engaged in scrap metal recovery at home and wire cutting, and
all 3 did auto body repair work at home. Their children, who were also exposed to high paint
and soil lead, had elevated blood lead levels as well. The arithmetic mean blood lead level of
69 adult white females was 0. 12 Mmol/L (2.4 Mg/dl). Among the 69 adult females, 14 were
pregnant at the time blood specimens was drawn. Their blood lead levels ranged from < 0.03 to
0.16 Mmol/L (<0.6 to 3.4 Mg/dl) with an average of 0.08 itanUL (1.6 Mg/dl). Three
African* American adult nuilff «nri 7 Afrir*fvAiitfiTf*ii adult fematei with arithmetic mean blood
lead levels of 0.18 nmol/L (3.8 Mg/dl) and 0.17 >unol/L (3.5 Mf/dl), respectively, also
participated in the study.

In the yojgjgjiAage group, 78 (16% of total participants in this age group) had blood lead
levels 20.48 ̂ ^Ex^lO Mg/dl); however, 46 of these (9%) had blood lead levels from
0.48 to 0.72 M^HElO to 15 Mf/dl) and only 5 (1%) were above the pre-1991 CDC level of
concern of ijflSsGfL (23 Mg/dl) (Table 5). A total of 61 children with blood lead levels
20.48 Mmol/L (2 10 MC/dl) and some of their siblings donated a second blood specimen in
January of 1992 (Table 6), about 4 months after the initial collection, following extensive
counselling of parents and children. The repeat blood lead levels of most of these 61 children
were < 0.48 Mmol/L (< 10 Mg/dl) and had dropped to about hah* or more of their original value
(Table 6). The highest blood lead level was 0.61 Mmol/L (12.7 Mg/dl). A subset of 30 children
of this group of 61 children was retested about a year after the first testing. At the second
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testing in January 1992, a mean blood lead level of 0.39 Mmol/L (8 Mg/dl) was found in this
group. Toe mean blood lead level at the third testing (July, 1992) was 0.43 Mmol/L (9 Mg/dl)
suggesringjhak following the initial drop, the blood lead levels remained stable.

The data on complete blood counts (CBCs) of the children under six yean of age are
given in Tables 7 and 8. No difference in the CBCs is seen between the children with blood
lead levels SO. 48 ^mol/L (S 10 Mg/dl) and those with levels <0.48 ^imol/L (10

Among the youths 6 through 14 years of age, 8 white males had elevated blood lead
levels. Four youths had blood lead levels of 0.48 Mmol/L (10 p/dl) and the other four had blood
lead levels of 0.6, 0.6, 0.7, 0.9 Mmol/L (12.6, 12.7, 13.8 and 18.8 Mg/dl), respectively. All
but one of the families involved had at least one smoker in the household. In three instances,
work had recently been done on the residences. In three of the other households, the father
worked at home on automobile bodies, was engaged in wire cutting and scrap metal recovery,
cleaned and repaired fire arms, or was engaged in soldering and automobile radiator repair.
Thus, in six instances repair work on the residence or work with metals at the residence could
have contributed to exposure.

Urine Cadmium Analyses ^

Results of the urine analysis for cadmium showed that, in many specimens, cadmium was
below the limit of detection of <0.1 pgfL. A total of 6 urine specimens contained cadmium
at 2 jtg/1 or greater. Three urine specimens contained about 2 pgfL of cadmium. Additional
urine specimens were collected from 3 other participants whose initial urine specimens contained
cadmium at concentrations of iS Mg/L; however, the results of the reanalyses were below the
limit of detection of 0. 1 pg/L suggesting contamination of the initial sample.

Clinical Chemistry Tests

Urine specimens were tested for albumin, glucose, occult blood, and specific gravity, and
were examined microscopically. Abnormal urine specimens were noted in one adult female and
in six female children ranging in age from one to five yean. These urine specimens were
cloudy in appearance, and bad white and/or red blood cells and bacteria. These findings
appeared to be incidental *1>^ consistent with bladder infections.

chemistry tests were also performed on the blood specimens. The electrolytes
i, and chlorides; the liver function tests aspartate aminotransferase (AST or

SCOT), alanine aminotransferase (ALT or SOFT), gamma-glutamyl tnnspeptidase (GOT); total
protein; albumin; blood urea nitrogen (BUN); and creatinine were measured. The electrolytes
of all participants were within normal range. One child with a blood lead level of 0.42 Mmol/L
(8.9 Mg/dl) had an elevated blood urea nitrogen of 50 mg/dl, white two additional children had
levels just outside the reference range (6 to 26 mg/dl)ofthe clinical laboratory. The child with
the elevated BUN also had elevated liver function test results, with an AST (SCOT) of
171 international units per liter (IU/L), a GOT of 103 IU/L, and an ALT (SOFT) of 68IU/L.
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Two other children under 6 yean of age had elevated ASTs (SGOTs) of 437 and 83 IU/L. One
child had an elevated GOT of 83 IU/L, and another had an elevated ALT (SGPT) of 472 IU/L.
One youth had a slitfffijfclevated ALT (SGPT) of 63 IU/L. Among the adults, four females had
one or more slightly elevated liver function tests. The highest GGT was 75 IU/L, and toe-
highest ALT (SGPT) was 61 IU/L. The AST (SCOT) was not elevated in any of the adult
female or male participants. Abnormal liver function tests were present ui six adult male
participants. The highest GGT was 195 IU/L and the highest ALT (SGPT) was 83 IU/L.
Iminunoglobulin A and G were within the normal range in the study population according to
WaUach7. Immunoglobulin M was elevated in 36 (4.4%) of the participants. Three of these
participants had abnormal liver function test results as well. The elevated immunoglobulin M
in participants with normal liver function test results was probably the result of a chronic
infection. Since no clinical information was collected in this study, no definite interpretation of
these results can be made.

Enyiroomental Data

A total of 34% of all participants did not know the age of the house they were living in.
Among the 412 children under 6 yean of age with blood lead levels of <0.48 pmol/L
(< 10 Mg/dl), data on the ages of the houses were available for 278. Of the children living in
those houses, 196 (70%) lived in bouses that were built before 1950. Of the 78 children with
blood lead levels of 20.48 pmol/L (210 pg/dl) data on the ages of the bouses they were living
in was available for 43 houses. Of the children living in these 43 houses, 35 (81 %) lived in
houses built before 1950. Of the children with elevated blood lead levels who lived in the eight
houses built after 1950, one child lived in a mobile home and the father was involved in
lead-related activities. The remaining seven bouses were built between 1950 and 1970 and
remodelling activity or refinishing of furniture had taken place between 1990 and 1991.

Lead levels measured in the paint and soil of the bouses are given in Tables 9a and 9b.
Houses in which children with elevated blood lead levels lived were not clustered. However,
those children were more likely to live closer to the smelter (Figure 1). Of the children under
6 years of age with blood lead levels <0.48 pmol/L (<10 Mf/dl), 16% percent lived in
sampling region 1, 43% in sampling region 2, 24% in sampling region 3, and 16% in sampling
region 4. Among the children whose blood lead levels were 20.48 pmoUL (210 /ig/dl)
27% lived in sampltaMMon U 53% in sampling region 2, 12% in sampling region 3, and
8% u sampling re^^Kifaiiy of the children of both gioios Uved m bouses with high paint
lead cofK*ntratk»jJHpor more of the areas measured (Table 9a). Ehber recent renovation
or poor maintenanceoftne houses seemed to contribute to the exposure of the children. When
the houses were in good condition, increased toad exposure was not as much of * problem.

Overall, about 50% of the families had done some repair work or renovations on their
residences in 1990 or 1991. For families with children under 6 yean of age whose blood lead
levels were <0.48 utaoVL (< 10 Mf/dl), 48% had done some work on their house in the last
year and 52% had not. In contrast, 63% of the families whose children had blood lead levels
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were £0.48 ̂ mol/L (S 10 Mg/dl) nad d°ne some repair work in the year before the study, while
37% had not. The difference was statistically significant (p<0.02).

In many yards, the lead concentrations in soil were above background levels, which in
the United States can range from < I to 200 mg/kg (< 1 to 200 ppm). The mean soil lead level
for the 375 analyzed soil samples was 450 mg/kg (450 ppm) with a range from- 37 to
3,010 mg/kg (37 to 3,010 ppm) (Table 9b). A total of 39 duplicate (split) samples were also
analyzed. These duplicate samples were homogenized and divided in the field. The analyzing
laboratory was unaware of the fact that they were duplicates. The concentration of lead in these
duplicate soil samples ranged from 106 to 1,610 mg/kg (106 to 1,610 ppm). The average
difference between the 39 primary and the 39 duplicate samples was 89 mg/kg (89 ppm).

It is evident from Tables 9a and 9b that there were some very high environmental lead
values. For example, the minimum dust lead value was 5.2 mg/kg (5.2 ppm) while the
maximum value was 71,000 mg/kg (71,000 ppm). The standard deviation was nearly four times
as great as the mean. Most of the other data were also not normally distributed.
Log-transformed data was, therefore, used for most of the statistical analyses.

A total of 375 composite soil samples were also analyzed for cadmium. The arithmetic
mean cadmium concentration in soil was 3.1 mg/kg (3.1 ppm) with a standard deviation of 1.37.
Cadmium was not detected in 8 soil samples at a limit of detection of 1.0 mg/kg (1.0 ppm) and
all but 7 soil samples were < 6 mg/kg (< 6 ppm). The background concentrations of cadmium
in soil generally found in other studies ranges from 0.3 to 11 mg/kg (0.3 to 11 ppm) according
to Page and Bingham* and Lund et al.'. Thus, cadmium concentrations were within the
background range of concentrations found by others.

Lead in drinking water was below the limit of detection of the analytical method of
2.0 Mg/L (2.0 ppb) in 62% of the samples from 373 households. A total of 86% of the samples
had levels £ 5 ngJL (* 5 ppb) and 97 % were < IS Mg/L (< 15 ppb), the present USEPA action
level. In 13 instances, levels of lead in drinking water were higher, with a range from 15.4 to
95.5 /tg/L (15.4 to 95.5 ppb). However, study participants using this water did not have
elevated blood lead levels. The correlation between the log water measure and log blood lead
was very low (r - 0.07, NS).

oflMB&rinking water samples, the concentrations of cadmium in 322 drinking water
samples ̂ ^Keiow the limit of detection of £0.5 Mg/L (£0.5 ppb). The maximum
concentriMHtected in any water sample was 9.9 Mg/L (9.9 ppb). Only 11 samples were
> 2 Mg/L (>2 ppb). In a survey of 969 community water supply systems in the United States,
the average cadmium concentration was 1.3 Mg/L (1-3 ppb) according to Craun and McCabe"
which did not differ from the findings in this study. Furthermore, all of the measurable
concentrations in our study were in compliance with the federal drinking water standard of
•10 Mg/L (10 ppb) for cadmium.
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Levels of lead in dust are also listed in Table 9b. They varied widely, both on a weight
basis in mg/kg (ppm) (the concentration of lead in dust) and on the amount of lead present on
a given surface area.^(the loading of dust with lead) in ng/nt. Among all environmental
measures, dust load=&ne amount of lead in dust based on surface area) was the best predictor
of blood lead levels in small children. The log dust load was the highest Pearson correlation of
any variable with blood lead levels (r = 0.42, p<0.0001).

Bivariate Analyses

Although bivariate analyses ignore the effects of possible confounding or effect
modification from the influence of other variables, they provide a simple first screening of the
complex relationships among the many variables in this study. Since bivariate analysis can not
be used to adjust for possible confounding, this type of analysis greatly oversimplifies the true
nature of relationships among the variables. For this reason, bivariate analysis results can not
be interpreted out of context. They also do not constitute evidence of causal relationships.
However, detailed inspection of the large matrix of bivariate results produced by pairwise
analyses of key variables can reveal patterns of relationships that can then be explored by more
appropriate multivariate analysis.

Soil Lead. Comparing Levels 2500 mg/kg (2500 oom) «Hth Lower T^veli

A total of 143 children under 6 yean of age lived in houses with composite soil samples
of 2500 mg/kg (^500 ppm) lead and 347 children in the same age group lived in houses with
soil lead levels < 500 mg/kg (< 500 ppm). Comparisons between these two groups identified
differences in blood lead levels, dust lead levels, indoor and outdoor paint lead levels, the
number of cigarettes smoked per day in the house, and the age of the houses. However, the
differences were very small for blood lead levels, even though they were ^tiftvraiiy significant.
The geometric mean blood lead level of children living in houses with soil lead levels of
2 500 mg/kg (2 500 ppm) was 0.32 pmol/L (6.6 Mg/dl) compared with 0.25 /tmol/L (5.2 fig/dl)
for children living in houses with soil lead levels <500 mg/kg (<500 ppm) (p<0.01). The
differences were larger for other measured parameters. The geometric mean dust load in houses
with soil lead levels 2500 mg/kg (2500 ppm) was 400 jig/m1, compared with 100 /tg/m1 in
houses with soil lead levels < 500 mg/kf (< 500 ppm) (p < 0.01). The mean lead concentration
in dust on a weight basis was 780 mg/kg (780 ppm) for houses with soil lead levels
2500 mg/kg (2j^gpm) and 309 mg/kg (309 ppm) for houses with soil lead levels
<500 mg/kg «^Hiin) (p<0.01). The geometric mean indoor paint lead level in houses
with soil lead fcJ^KKlO mg/kg (2500 ppm) was 1.4 mg/cma compared to 0.5 mg/cm* for
houses with soil wHeVels <500 rag/kg (< 500 ppm) (p<0.01). The geometric mean outdoor
paint lead level in houses with soil lead levels 2500 mg/kg (2500 ppm) was 8.6 mg/cm2

compared with 3.0 mg/cm3 in houses with soil lead levels < 500 mg/kg (< 500 ppm) (p < 0.01).
In houses with soil lead levels 2500 mg/kg (2500 ppm), 25.5 cigarettes per day were smoked
compared with 17.9 cigarettes smoked per day in houses with sofl lead levels <500 mg/kg
«500 ppm) (p<0.01). Houses with soil lead levels 2500 mg/kg (2500 ppm) were,
in general, built sometime during the period 1920 through 1929, while houses with soil lead
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levels <500 rag/kg (<500 ppm) were usually built sometime during the period 1940 through
1949.

Blood Lead

All of the following blood lead correlations are statistically significant at p<0.01: lead
in indoor paint, r = 0.16; composite soil lead, r = 0.25; dust lead level, r = 0.25; dust load,
r » 0.42; distance of the house from the closed lead smelter, r = 0.26; parents' education^
r « -0.29; parents' income, r - -0.26; number of smokers in the household, r = 0.16; number
of cigarettes smoked per day in the residence, r = 0.23; number of hours played outdoors,
r = 0.23; and number of baths taken per week, r = 0.21.

In addition, the following categorical variables were associated (p < 0.01) with blood lead
when children with high (20.48 nmolfL [i 10 pg/dl]) and low (<0.48 mol/L (< 10 Mg/dl])
blood lead levels are compared: air-conditioning present/absent; renting versus owning the
residence; condition of the residence; and refinishing of the residence or furniture (p<0.02).

With so many correlates of blood lead, it is clearly not possible to draw causal inferences
without first considering how all of these blood lead predictor variables can influence one
another, and confound their relationships with blood lead.

The most important confounder of the relationship between soil lead and blood lead is
the high degree of correlation between composite soil lead and lead in indoor paint, r * 0.34.
Other correlates of composite soil lead are house dust load, r » 0.43; distance from the smelter,
r * -0.48; education, r « -0.11; income, r » -0.11 (p<0.02); cigarettes per day, r » 0.17;
and year the house was built, r =» -0.45. All correlations are statistically significant at
p<0.01 unless otherwise noted.

Distance

In the study population, distance from the closed lead smelter was a correlate of blood
-0.26; p <0.01). It is tempting to think of distance as a proxy for soil lead exposure

was correlated with composite soil lead (r - -0.48; p<0.01). However, the
i of distance, composite soil lead, and blood lead was confounded by other variables,

negatively correlated with the number of smokers (r - -0.24; p<0.01) and the
number of cigarettes smoked per day in the house (r - -0.30; p<0.01). The year the
participant's residence was built correlated with distanced » 0.16;p<0.01). The older houses
were closer to the smelter. The parents' education level (r * 0.16; p<0.01) and income
(r » 0.18; p<0.01) correlated with distance. The condition of the houses improved with
distance from the smelter (chi-square - 440.0, df • 6; p < 0.01) and the use of air-conditioning

ised (chi-square - 10.8, df - 1; p<0.01). As distance increased, dust lead decreased
(r * -0.21; p<0.01.) while home ownership increased (chi-square » 14.3, df - 3; p< 0.01).
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r
AH of these correlates of distance were also associated with one another, and were among the
better predictors of blood lead in this study.

Building condition was significantly associated with the following variables (p<0.0i,
except as noted): the number of cigarettes smoked per day; indoor and outdoor p* nt lead levels, \
soil lead levels, water lead levels (p<0.08), and dust lead levels; parents' education level, and
parents' income; hours of outdoor play; and the number of baths per week (p<0.03). Each ,
variable increased steadily over the three levels of building condition, with the exception of
water lead levels. f

Building condition was one of the better predictors of blood lead in this population. The
mean blood lead level of children living in residences in good condition was 0.29 ^mol/L
(6 Mg/<U)- Children living in houses in fair condition had a mean blood lead level of 0.4 /tmol/L
(8.2 pg/dl) and children living in residences in poor condition had a mean blood lead level of
0.57 /imol/L (11.8 ng/dl). The condition of the house influenced its dust load (a measure that
combines dust level and lead concentration). The dust load was seven times higher in residences
in poor condition than in houses in good condition and about three time higher in residences in
fair condition. Building condition was also relatively highly associated with every other
predictor of blood lead in this study, and was a confounder in the relationship of composite soil
lead and blood lead. Houses in good condition had a mean soil lead concentration of 287 rag/kg
(287 ppm). The mean soil lead concentration for houses in fair condition was 361 mg/kg
(361 ppm), and for houses in poor condition was 459 mg/kg (459 ppm). Building condition
differed from other potential confounders of the composite soil lead/blood lead association in that
the condition of the house was not likely to be a pathway for soil lead exposure. It was one of
the few confounders of the soil lead/blood lead relationship that could be controlled for
statistically.

Cigarettes Per Day

In this data set, smoking was associated with blood lead. The number of smokers
(r - 0.16; p < 0.01), and the number of cigarette* smoked per day (r - 0.23; p<0.01), both
predicted blood lead levels to some extent. However, white the number of cigarette* smoked
per day was absjMdated with dust load (r « 0.15; p<0.01), it was not correlated with the
dust level (that ̂ Hk weight of the dust sample divided by the area vacuumed r * 0.005;
p » 0.92). ThjBlBar of cigarettes smoked per day was also correlated with composite sofl
lead (r » 0.17^<V.dl), distance from the smelter, parents' education level (r - -0.34;
p<0.01), income (r - -0.20; p<0.01), and outdoor paint lead levels (r - 0.11; p<0.02).
Furthermore, smokers in residences without air-conditioning smoked an average of
35.4 cigarettes per day, white smokers in residences with tir-conditioning smoked
17.5 cigarettes per day (t - -3.8; p<0.01) on average. More cigarette* wen smoked in houses
in poorer condition (r - 17.2, df - 2, p<0.01) and in older houses (r - 0.16; p<0.01). ft
was not possible to determine whether cigarette smoke made any imhyutent contribution to
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blood lead in passive smokers, or was simply a proxy for other environmental, socioeconomic,
and behavioral factors. Other authors have reported such a contribution", although in a later
paper ihejfcwere unable to confirm their findings12.

Regression Analysis

Because of the many variables in this study expressed as continuous measures, regression
analysis provided the best method of analysis. The advantages of regression analysis in this
instance were twofold: the ability to simultaneously analyze many variables and the ability to
observe the influence of each variable on every other variable. Since in this study
interrelationships among the variables are complex, regression analysis may be the only way to
express the many relationships5.

Stepwise Regression

Once the list of potential predictor variables was narrowed, the maximum
R2 improvement method was used to select and assign priority to the most important predictors.
The first variable was dust lead (R2 » 0.17), accounting for about 17% of the total blood lead
variance; second was distance, raising R2 to 0.21; third was parents' education level, raising
R2 to 0.24; finally distance, education, refinishing activities, hours of outside play, and
participant's age all traded places in and out of the model for several more steps, bringing R2 to
0.32. Ethnicity and lead in drinking water raised R2 to 0.35.

It is noteworthy that neither ethnicity nor lead in drinking water were significantly
associated with blood lead levels in bivariate tests. The fact that they entered the regression
ahead of more obvious measures indicated that these two variables might have been serving as
proxies for other exposures, or that they did not share with other variables any of the variance
in blood lead that they accounted for individually.

As shown in Table 10, with 10 variables in the regression model, R2 reached 0.37. These
variables represented parents' education level, the number of cigarettes smoked per day,
rent/own home, refinishing activities, ethnicity, dust load, age, water lead levels, distance, and
the number of noun of outdoor play per day. Apparently, variations in individual behavior

j accounted for most of the remaining blood lead variance in this group. Errors in lead
I meal^^EDts wen probably of secondary importance in explaining the blood lead variance not

acco^^Ebr. While the preceding approach gives some idea of the role of different variables
as pjHHfcs of blood lead, the value of the approach is limited. Since this method capitalizes
on chance, the «»»*if*fc»i p-values airiociatfd with partial regression coefficients could not be
interpreted. The hierarchical regression modeling that follows focuses specifically on the
contribution of paint and soil lead to blood lead.
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.. I gegyession: The Contribution of Soil L

The intercorrelation among independent variables in this study, and their correlations with
hnth soil lead and=Wpod lead, suggested that the association of soil lead with blood lead was

nfounded to some extent by other factors in the study. To assess the independent contribution
°f soil lead to blood lead, it would have been desirable to control statistically for potential
° nfounding through hierarchical regression. First, the set of variables that might have
C nfounded the relationship of soil lead and blood lead could have been introduced, and then the

n lead variable to evaluate the increment in blood lead variance accounted for by soil lead
levels. However, in order to avoid over-adjusting (that is, inappropriately removing variance

blood lead that could be due to soil lead exposure), a very limited set of potential confounders
was used. House dust was an important secondary source of lead exposure in young children.
However, house dust was not included as a potential confounder since the source of lead in dust
was mostly paint and soil. Thus, house dust represented a vector, or pathway, for the two
primary sources of lead: soil and paint.

As shown in Table 11, Model 1; water lead levels, house paint lead levels, recent
household refinishing activities, and the rating of the overall condition of each building (that is,
the general state of repair/disrepair of the residence) accounted for 11% of the blood lead
variance in this study (adjusted R2 = 0.11). These were the only potential confounden of the
soil lead/blood lead relationship that were statistically controlled. When composite soil lead
measures were added, as shown in Table 11, Model 2, the adjusted R2 increased only slightly
to adjusted R2 = 0.14. Thus, only 3% of the variance in blood lead observed in the study
population was accounted for by soil lead.

As shown in Table 12, Model 1; indoor and outdoor paint lead levels, and the condition
of the building accounted for 26 % of the variance in dust lead. When composite soil data were
added (Table 12, Model 2), R2 increased to 0.32, an increase of 6% in dust lead variance.
Thus, paint lead levels and building condition accounted for about four times as much variance
in dust lead as did soil lead.

Effect of Including Mora Hum OM Child Per Family in Analyses

Using iflKbe children in each family, or only the child with the highest or lowest
blood lead lev^Hb various analyses did not affect outcome (Table 13). The conditions of
the houses amnVloncentntions of lead in soil, paint, and dust were quite similar among
families with one child or more than one child under 6 yean of age. The distances of the
bouses from the closed smelter were similar as well. The participants rather than the households
were, therefore, used in most natisrical analyses.
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DISCUSSION

This study was primarily undertaken to determine whether children, under the age of six
years, livingjn an environment with elevated lead levels in soil had elevated blood lead levels.
Results stewed that, in addition to lead in soil, other sources of high lead levels (for example,
indoor and outdoor paint) in residences also existed in the community.

It was not possible to find, in the vicinity of the study area, a separate community of
similar socioeconomic makeup and bousing stock with no history of high soil lead
concentrations. Therefore, the residents of areas without high concentrations of lead in soil
adjacent to the NPL declaration area were used as the comparison population. Although this
control population lived in houses of similar age and with similar concentrations of lead in paint,
some other differences existed. As distance from the smelter increased, the conditions of the
houses improved; fewer houses had peeling paint and most houses were owned rather than
rented. Furthermore, the education level of the parents increased, the number of smokers and
the amount of smoking decreased, the use of air-conditioning increased, and other behavioral
variables also changed with distance. As anticipated, the concentration of lead in soil also
decreased with distance from the closed smelter. The covariance of risk factors with distance
from the smelter made it more difficult to interpret and analyze study results. The study showed
that lead exposure risk factors do not occur in isolation. Most of the important lead exposure
risk factors occur in and around poorly maintained houses.

The participation rate in this study was not optimal. However, as many people living
close to the smelter as living further away were included in the study. If anything, the
participation rate closer to the closed smelter was better. Thus, if high levels of lead in soil
were a prominent factor of exposure, a soil effect would more likely be detected.

In this particular population the primary exposure of concern was the exposure of young
children to lead. It has been documented in many studies that children, because of their
hand-to-mouth activities, ingest lead primarily through dust; however, they may also ingest paint
chips and soil that contain lead. In addition, children are exposed to lead through food, water,
and air. How much environmental lead a child wiH receive from these various sources depends
on many behavioral variables and also on the child's nutrition3.

This study details a number of interesting findings, the most important of which was that
most sAMfeutkipants had comparatively low blood lead levels. This is consistent with results
obtain^^Exhers. in recent surveys. Blood lead levels in the population as a whole and in
youngfllpNi are now much lower than they were one or two decades agou. The decrease in
blood leid levels has resulted from the reduction of lead in gasoline and the decreased use of
Ifnifd gasoline. Ififl in food, particularly in infant food, has also been reduced14. Lead levels
in children in many communities are now around 0.25 pmol/L (5 Ml/dl) or less. In this study,
the mean blood lead levels were consistent with these observations.
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In spite of elevated lead levels in soil and in indoor and outdoor paint, many children had

very low blood lead levels. Even the group with elevated blood lead levels had mean blood lead
levels that 20 yeaaagp were representative of small children in the general population and were
mostly below the CDC level of concern (1.21 /*mol/L [25 jig/dl]) for elevated blood lead levels
in effect until recently. In the National Health and Nutrition Evaluation Survey (NHANES n)IJ

conducted from 1976 through 1980, the arithmetic mean blood lead levels for young children
wert 0.7 to 0.97 Mmol/L (15 to 20 Mg/dl)IJ after high outliers had been removed. Most of the
elevated blood lead levels in this study are lower than the NHANES n levels. At blood lead
levels > 1.21 Mmol/L (>25 Mg'dl), determination of erythrocyte protoporphyrin (EP or ZPP)
is not useful since it will be normal in most cases'*. EP measurements were, therefore, not
made. The findings in this study suggest that, once the major sources of high levels of lead in
air and in food have been removed, high lead levels in soil and in paint might make less of a
contribution to overall lead exposure than previously assumed. However, lead uptake is largely
influenced by individual factors of behavior, such as improper renovation of old houses, pica,
or poorly maintained residences.

As a predictor for blood lead level, the education level of the parents was more important
than income. Smoking, remodelling or other repair of the residence, lead levels in paint and
soil, and the age of the house were all positively correlated with blood lead levels. Education
level and income were inversely correlated with proximity to the closed smelter.

Blood lead measures in children were used as the dependent variable in a series of
regression analyses designed to interpret the contributions made by selected independent
variables. The independent variables were grouped differently <1q>f**iF«t upon the question
under investigation. To the extent that these variables predicted blood lead levels and were also
correlated with soil lead, they should be considered to represent confounders of the relationship
of blood lead and soil lead.

' Some measures are clearly influenced by both soil lead and paint lead. House dust lead
is a mixture of soil lead and house paint lead. House dust is actually an important secondary
source of lead for young children became of their hand-to-mouth activities. Lead in house dust
comes primarily from soil and from paint and represents a vector or pathway for lead exposure.
House dust was, therefore, not included in die hierarchical regression against blood lead. The
apparent contribntai of soil and paint would have been overadjusted had this been done.
Furthermore, s^Kfreous regression of all three factors against blood lead levels resulted in
a related proofc^lEiti-colmearity. Simultaneous regression of lead in paint, lead in soil and
lead in dust agnHKbd lead would have produced unpredictable and invalid partial correlation
coefficients.

The number of hours spent at home and the number of hours spent outside, the age and
sex of the child, and most behavioral variables can serve as predictors of exposure for paint and
soil lead. Using these variable* to mute ffntiff*^ adjustments is not likely to resolve problems
of confounding, and might introduce ĵ i*4*?**1 problems of ovendjustmenL
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A Dumber of variables predicted blood lead levels in young children. These included thr
condition of the residence; lead levels in paint, in dust, and in soil; smoking in the residence;
proximity to the closed smelter; education and income levels of the parents; and behavioral
factors^SFthe children, such as hand-to-mouth activities. Comparing these factors showed that
they were all correlated with each other. Only about 40% of the exposure could be accounted
for in the data analyses. Of this 40%, lead from soil appeared to make a very minor
contribution, at most 3%, while the condition of the house and the amount of lead in paint may
have been responsible for as much as 11 %. The percent of the variance reflects the degree of
importance a given environmental factor has for the total exposure of the child. Eliminating a
variable such as soil that accounted for only 3% of the variance may only result in a minimal
change in measured blood lead levels without any clinical significance.

The large unaccounted portion of lead exposure (60%) is partly attributable to lead in
food, ambient air, imprecision in the blood and environmental lead measurements, changes of
the dust load and unique variables in specific households. For inffu**. in addition to high lead
concentrations in soil and in paint in one family's home, the father made lead sinkers, worked
on automobile bodies and salvaged metal at home. Dust was also only collected at one point in
time. A one time dust sample may not be representative for the dust over a period of several
months.

Most of the important variables in this study (such as the education and income levels
of the parents; lead levels in paint, soil, and dust; behavior variables; smoking; and air-
conditioning) were all highly correlated. Thus, correlations, t-tests, and chi-square tests, if taker
out of context could be misleading. Furthermore, confounding could not be adequatel>
controlled for in this data set House dust serves as a pathway of exposure for soil lead and
house paint lead in small children. Many important behavioral variables could affect the degree,
of exposure to house dust. Small but statistically significant differences in the percent variance
have no clinical importance as far as their potential contribution to blood lead levels is
concerned. This study attempted to determine, by stepwise regression of 22 variables, the
overall contribution of these variables to lead exposure. However, u some variables were added
to the analyses, other variables dropped out and variables that had previously dropped out were
in the regression again. This suggested that some of the variables were also proxies for other
variables and that they did not constitute meaningful contributions to the exposure of small
children.

t.
i most of the youths and adults had very low blood lead levels, we concentrated our

___ i the children under 6 years of age. In the older age group, the few participants
with'TIevaied blood lead levels acquired their lead through hobbies, occupation pursued by
themselves or family members, or repair of their residences. No detailed statistical analyses
were conducted on this group, since the number of affected individuals was small and their
elevated blood lead levels had individual, logical explanations.

An important and often ignored method of preventing lead exposure is education about
effective ways of reducing exposure ind increasing awareness and understanding among
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artnts/guardians. Following extensive counselling of the parents/guardians of children with
blood lead levels 20.48 nmo\JL (2 10 Mg/dl) about pathways of lead exposure for children, the
follow-up blood lead&terminations showed a marked and persistent decline in blood lead levels.
i° the past, seasonallTuctuaiions in children's blood lead levels have been reported with principal
mphasis on the summer peak17". However, Marrero et al." reported two peaks, one in late

winter, and one in midsummer. Marrero et al." found the low levels to be at most about a third'
iess than the peak va'ue. Our initial blood lead level determinations were made in late August
and in September when the midsummer peak had already been passed.

The seasonal fluctuations observed many yean ago were closely associated with the sale
of leaded gasoline, fluctuations in lead air levels, weather patterns, traffic density10, and outdoor
activity. Since lead in gasoline has been reduced, seasonal variation is less of an issue now.
However, children's blood lead levels also decrease as the children get older. In a recently
published study to determine the effect of soil and interior loose paint removal on blood lead
levels, the mean decline in blood lead levels between preabatement and 11 months after
abatement was 0.12 /tmol/L (2.44 Mg/dl) in children under 6 yean of age with blood lead levels
quite similar to the blood lead levels in this study in children of similar age. Loose paint
removal per se only resulted in a drop of 0.02 pmol/L (0.52 pg/dl)1'. These differences are
very small in comparison to our findings; Fluctuations in blood lead levels are also affected by
the analytical method that must be very accurate, precise and free of drift over time.

Blood lead levels fluctuate somewhat if repeated samples are taken. This fluctuation can
occur because of variations in die analytical method0. Lead levels in capillary blood specimens
are usually higher than in venous blood specimens. Venous blood samples provide more
accurate results and are preferred by health care providers although parents may be reluctant to
submit their children to venipuncture.

Not all of the parents invited to participate in the study accepted the invitation. A
primary reason for refusal was the unwillingness of parents/guardians to have blood specimen
drawn from their children because of the emotional trauma associated with the event.
Parents/guardians need to be fiftim*** on the importance of such testing and of preventing
excessive exposure to lead. Based on the findings in this study, two yean of age would be the
optimal age for testing, since blood lead levels seemed to peak at that age.
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CONCLUSIONS

! Blood lead Icyjejs of children under 6 years of age and in older children and adults were,
for the most part, below the new level of concern of 0.48 pmol/L (10 Mg/dl).

2 In the study population, the highest percentage of children with elevated blood lead levels
were from 1.5 through 2.5 years of age suggesting that this could be an optimal age for
screening.

3 Children with higher blood lead levels lived in houses near the closed smelter, but they
also lived in houses further away from the site, and as of 1991, outside the USEPA area
targeted for soil clean up.

4. The soil lead levels decreased as distance from the smelter increased.

5. For small children, house dust served as a major vector of exposure. The source of lead
in house dust was the lead in paint and soil.

6. High concentrations of lead in paint in well-maintained houses did not contribute
noticeably to lead exposure. Many of the children with tow blood lead levels lived in
houses in good condition, but with very high lead paint levels.

7. Lead uptake was influenced by many personal variables (such as behavior, socioeconomk
status, education, smoking), and variables present in each house. These individual
factors were difficult to assess. The inability to account for 60% of the variance in lead
uptake underscores that point.

8. Education of the parents/guardians about the lead hazards in their homes, suggestions for
remedial action, and changes in behavior had a favorable impact on children's blood lead
levels.

9. Lead in water, lead in paint, condition of the house, nfinishmf of the house within the
last year, and lead in soil made f***«ri"«||y significant contributions to the variance in
blood lead levels. However, the model using a hierarchical regression analysis was only
able to €afJK5% of the variance in children's blood lead levels.
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ABBREVIATIONS OF UMTS AND MEASURES

/dl = g îng*1" deciliter
"* •~1'-

= international units per liter

= kilometer

=* milliequivalent per liter

mg/cmj = milligram per square centimeter

mg/kg = milligram per kilogram

mg/dl = milligram per deciliter

mg/cm2 = milligram per square centimeter

ppb = parts per billion

ppm = parts per million

Mg/L = microgram per liter

a microgram per deciliter

= microgram per cubic meter

= raicromole per liter
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Table I.—Biomedical tests (blood and urine).

1 — Test _

AST (SGOT)t

ALT (SGFT)§

GGT1

Albumin

Total Protein

Creatinine

BUN"*

Sodium
Potassium
Chloride

Reference Range*

0-6 mo
7-12 mo
1-5 mo
6-10 yr-
>10yr

0-120 IU/L
1-110 IU/L
0-75 IU/L
0-60 IU/L
0-50 IU/L

0-50 IU/L

Male
Female

0-65 IU/L
0-45 IU/L

3.5-5.5 IU/L

Newborn
<2 yr
*2 yr

4.6-7.2 g/dl
5.7-8.2 g/dl

60.0-8.5 g/dl

0.5-1.5 mg/dl

7-26 Mg/dl

135-148 mEq/L
3.5-5.5 mEq/L
94-109 mEq/L

Expected
Coefficient of
Variability*

5.41

•

L 8.33

6.45

2.78

3.23

4.76

7.14

1.43
2.44
1.98

•Provided by the testing laboratories: IU/L =• international units/liter; g/dl » grams/deciliter,
mg/dl = milligrams/deciliter, Mg/dl » mkrogram/decUiter, mEq/L * milliequivalent/liter.
tAspanate aminotransferase (SOOT).
§Alanine aminotransferase (SPOT).
iGamma-glutamyltransferase.
"Blood urea nitrogen.
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Table 2.—Study population household census data.

rensus forms widfcjddress

Households indicating occupancy

Households with at least one child <6 yrs of age

Disqualified households (moved, Pontoon Beach)

Target households

Refused to participate

Participating households with no child < 6 yrs of age

Households unaccounted for (no contact, no show)

Total households in study sample

5,734

5,134

906

116

790

266

33

169

388

^^^P^^^^^^
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—Household* participation by target sampling region.

Sampling region 2

Sampling region 3

region 4
^farthest from Taracorp)

39 target households
20 (51%) households participated

201 target households
120 (60%) households participated

242 target households
128 (53%) households participated

308 target households
120 (39%) households participated

•Thirty-three participating households did not have a child under six yean of age at the time
of testing, or no blood was obtained from that child.
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Table 4.—Distribution of blood lead levels (BPbs) by age of participant*.

Age of Participant

Total number

Male )A|tM

Female ^^1
™""'l

Mem BPb** junol/L
Mg/dl

Range BPb pmol/L
MC/<tt

20.48 fttooUL
(Ityg/dl)

6-71 Months

490

261

229

0.33
6.9

0.03- 1.94
0.7 - 40.2

78

615 Years

214

111

103

0.21
4.4

<0.03 - 0.90
<0.6- 18.8

8

> 15 Years

123

47

76

0.17
3.6

<0.30 - 0.86 .
<0.6 - 17.9

3

Toul

827

419

*°ft

5.8

<0.03- 1.94
<0.6-40.2

89

'Nine children included in this table lived at their present residence less than 3 months at the time of the study.
"BPb = Mood lead.



hie 5 —Distribution of blood lead levels in children from 6 months to 6 yean of age with
blood lead levels £0.48 nmoUL (£ 10 Mg/dL).

BIoodb£ead Level

20.48 MmolyL and <0.72 Mmol/L
(210 Mg/dl and < 15 Mg/dl)

20.72 ;*mol/L and < 1.21
(215 Mg/dl and <25 Mg/dl)
^
21.21 ^mol/L
(22.5

Number

78

27

Percent of
Total 490
Children

16

5.5

^^^^^^^^^
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r
Table 6.—Comparison of original blood lead determination with 4 month follow-up lead level determination in 61 participants*

Age

6-71 months

6-15 years

>15 years

N

SI

17 1
3

First Lead
Ranget

0.48-1.69
|̂ WO-35)

11̂ 8-0.92
(10-19)

0.58-0.87
(12-18)

First
Mean Leadt

0.72
05)

0.63
(13)

0.68
(14)

Second Lead
Ranget

0.17-0.61
(4-13)

0.27-0.44
(6-9)

0.27-0.47
(6-10)

Second
Mean Leadt

0.38
(7-8)

0.35
(7.3)

0.36
(7.4)

Range of
Difference!

0.14 1.16
(3-24)

0.14-0.48
(3-10)

0.3-0.4
(68)

Mean
Difference!

0.35
if. 2)

flo.28
(5.9)

0.34
(7.0)

'Seventeen participants either refused to be followed up or were lost to follow-up.
tRanges, means, and differences are given in pmol/L and in (/tg/dl).



r 7 —Complete blood counts (CBCs) for 388 children 6 months to 6 yean of age with
levels <0.48 ^mol/L (< 10

romplete Blood £snints

o^ite blood cells

fj^moglobin

Hematocrit

ced blood cells

Mean

8,332/mmJ

12.2 g/dl

36%

4.4 x 10*/mmJ

Ranft

3,400-18,400/mm1

90.0-14.5 g/dl

25.6-41.7%

3.2-5.5 x lOVmm1

•CBCs were not done for 22 children because insufficient blood was available.
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r Table 8.—Complete blood counts (CBCs) for 75 children* 6 months to 6 yean of age with
blood lead levels 20.48 ntnoUL (210/ng/dl).

Complete BloodXounts

White blood cells

Hemoglobin

Hematocrit

Red blood cells

Mean

9,116/mmJ

12.3 g/dl

36%

4.5 x I0*/mmj

Range

• 5,000-17,600/mra1

80.0-14.7 g/dl

26.6-42.8%

3.7-5.3 x I0*/mmj

I

•three children did not have CBCs done because insufficient blood was available.

«^^^^^^^^
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fable 9a.—Results from x-ray fluorescence readings of lead in paint.

Location of tenting

Indoor paint*

Outdoor paimt

Indoor and outdoor paint

Houses Tested

372

330

371

Houses with >6
mg/cm1 Lead (%)

• 154 (40.8)

193 (51.0)

111 (30.1)

•thirty percent of the houses had readings < 1 rag/cm2 and 29% had readings from
1 to 6 mg/crn2.

tTwenty-two percent of houses had readings < 1 mg/cm2 and 27% had readings from
1 to 6 mg/cm2
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Table 9b.—Lead in environmental samples: soil, dust, and water.

Environmental Sample

Soil-dry composite

Dust by weight (mg/||HlH

Dust by surface (>tg/ll^W

Tap water /»g/L (ppb)

Indoor paint (rag/cm2)!

Outdoor paint (nag/cm2)!

N

375

371

367

373

372

380

Mean Lead

450

1,283

885

3.3

1.2

5.3

Minimum

37

5.2

1.6

<2

0

0

Maximum

3,010

71,000

58,800

96

10.4

31.2

Standard
Deviation

411

H36

4.L

8

1.6

6.4

The "dust load" was calculated by dividing the dust sample weight by the surface area vacuumed and multiplying this ratio
by the dust lead

flic paint values represent means of 18 indoor and 12 outside readings. Readings of zero were included in the calculations.



f
fable 10.— Stepwise regression analysis, dependent variable: blood lead level in children from

6 months through 71 months of age.

R2 = 0.37

Variable

Intercept

Years of education

Cigarettes per day

Rent or own home

Recent remodeling

Ethnicity

Log of "dust load"

Age

Log of lead in water

Distance

Hours of outdoor play

F = 21.61; (Prob >F = 0.0001)

Parameter
Estimate

2.88

-0.04

0.00

-0.12

-0.17

0.20

0.13

-0.08

0.09

-0.05

0.06

Standard
Error

0.28

0.01

0.00

0.05

0.05

0.05

0.01

0.01

0.03

0.01

0.01

.F
Statistics*

. 106.77

5.98

4.57

4.52

9.89

12.45

59.16

20.29

7.81

10.28

24.13

Prob >F

0.0001

0.0149

0.0331

0.0342

0.0018

0.0005

0.0001

0.0001

0.0055

0.0015

0.0001

•F is the ratio of the regression mean squares over residual mean squares.
F = R: (n - k - 1) / (1 - R2) k. The distribution of the F statistic is used to test
the significance of R in regression analysis (that is to test the null hypothesis that
the linear relationship between a set of k independent variables and a dependent variable
is zero in the population).
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Table 11.—Hierarchical regression analysis, dependent variable: log blood lead in children from
6 months through 71 months of age.

MODEL 1 „.

Adj R2 = 0.12; N = 433; Potential confounden P. < 0.0001

Variable

Intercept

Log of lead in water

Log of CM*

Log of CXO*

Condition of residence!

Refinish

Parameter
Estimate

1.54

0.03

0.04

-0.01

0.34

-0.17

Standard
Error

0.11

0.02

0.02

0.01

0.05

0.06

P <

0.0001

0.15

0.03

0.6

0.0001

0.006

MODEL 2

Adj Ra = 0.15; N = 433; Potential confounden and log soil

Variable

Intercept

Log of lead in water

Log of CXI*

Log of CXO*

Condition of residencet

Refinish

Soil composition^*.̂

Parameter
Frfft1mM+

0.58

0.03

0.03

-0.01

0.3

-0.16

0.17

Standard
Error

0.23

0.02

0.02

0.01

0.05

0.06

0.04

P <

0.03

0.2

0.2

0.2

0.0001

0.01

0.0001

_.aro the logarithms of the sum of indoor and outdoor lead paint
by ratings of the condition of the paint where each XRF reading

"Log of CXI,
measurements
was made.

tCondition of residence is the rating of the overall state of repair/disrepair of the bouse.
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rTable 12.—Hierarchical regression analysis, dependent variable: log "dust load".

,{QPEL

Adj R1 = 0.26; N = 433; Potential confounders

- Variable

Intercept

Log of Water

Log of CXI*

Log of CXO*

Condition of residencet

Refinish

Parameter
Estimate

-2.47

0.01

0.24

0.06

0.77

-0.06

Standard
Error

0.16

0.05

0.04

0.02

0.11

0.14

P <

0.0001

0.9

0.0001

0.02

0.0001

0.7

MODEL 2

Adj R1 = 0.32; N = 433; Potential coofounden and tog soil

Variable

Intercept

Log of Water

Log of CXI*

Log of CXO*

Condition of residencet

Refinish

Soil composition

Parameter
Estimate

-5.44

-0.004

0.20

0.04

0.67

-0.03

0.53

Standard
Error

0.55

0.04

0.04

0.02

0.11

0.13

0.09

P <

0.0001

0.9

0.0001

0.2

0.0001

0.9

0.0001

"Log of CXI,
measurements
was made.

tCondition of

O are the logarithms of the sum of indoor and outdoor lead paint
by ratings of the condition of the paint where each XRF reading

the rating of the overall state of repair/disrepair of the house.
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Table 13.—Geometric means of environmental testing from families with more than one child under 6 years of age and families wiih
only one child under 6 years of age.

UMlh^itit
Parameter JHH

mPP
Distance to sroelterf

CXRFlfi

CXRFO1

Indoor lead/paint**.»PU.riri • !_!•! |n».-«

Composite soil samplett

•Dust load"f{

Households with Two or More
Children Under 6 Years of Age

Mean Level of
BPb < 10 /<g/dl

5.3

0.7

3.8

0.8

310

200

Parameter*
BPb 2: 10 /tg/dl

4.5

1.2

6.7

1.1

503

700

Households with One Child Under 6
Years of Age

Mean Level
BPb <10j*g/dl

5.4

0.6

3.4

0.7

303

150

of Parameter*
BPb k 10 /ig/dl

4.7

10.0

5.7

10.0

488

600

*A11 environmental measurements are statistically significantly different at the p <0.05 level between the high blood lead
(20.48 junol/L, 210 jtg/dL) and the low blood lead groups for households with one child and households with more than one child.

fDisunce to the smelter is an arithmetic mean.
fCXRFI is the avenge indoor XRF reading in mg/cra2 multiplied by the condition code of the residence.
1CXRFO is the avenge outdoor XRF reading in mg/cm2 multiplied by the condition code of the residence.
**lndoor lead paint is the avenge indoor XRF lead paint reading in mg/cm2.
ttBPA soil sample is the lead concentration in ppm (mg/kg) of a composite soil sample taken from different areas of the yard,

including play areas.
if "Dust load" is the amount of dust (in jtg) collected from a m2 of area in the residence.
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r

Figure 1.—Map of the study area showing the distribution of the residents. The closed circles
represent residents with children with blood lead levels < 0.48 pmol/L (< 10 Mg/dl). The open
squares represent houses with children with blood lead levels of 20.48 pmol/L (
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Figure 2a.—Mean blood lead levels by age group for children with blood
lead levels £0.48 >*mol/L (£10 pg/dl).
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Figure 2b.—Mean blood lead levels by age group for children with
blood lead levels 20.48 /*mol/L (210 /tg/dl).
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Figure 2c. Percent of children in each age group with blood lead
levels 20.48 Mmol/L (210 pg/dl).

81



30

25 H

20 H

CD
3

15H

10H

5-

24.7I
9.7

I

18.1

16.1

13:5

i
10.5

p" r i r
<1.5 1.5-2.5 2.5-3:5 3.5-4.5 4.5-5.5 6

Afc of Children in Yens



APPENDICES

The contents of Appendices A through I are presented in their entirety as submitted by the
authors and have not been revised to conform with the Agency for Toxic Substances and Disease
Registry editorial guidelines.
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Appendix A—Census Form
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r
D«parta<at of Public Health

Coaaty Lead Study Ccasu Blodc *

„ Fora Onsus Taktr fD
1^91 . Ccwu Household i

Address
Pbooe-

here if refused to ans*wer all questions.

oa the numbered lines below the names of each person living in this bouse or apartment. Begin
the bead of the household and include iU penoos staying here wfao have no other home.

DO NOT INCLUDE

who usually lives here such as family Persons wfao usually live somewhere else,
"oemben, housemates and roommates, foster
children, roomers, boarders, and live-in workers. Persons wfao are institutionalized,

penoos who are temporarily away on a business
trip, oo vacation, or in a general hospital

roQege students wfao stay here while attending CoDege students who live somewhere else
jOeje, while attending coDege,

fenont in the Armed Forces who live here.
Newborn babies stiD in the hospital Penoos in the Armed Forces who live
ChQdrea in boarding schools below somewhere else,
the coDege level

Penoos who stay here most of the week whflt Penoos who stay somewhere else most of the
working even if they have a borne somewhere ebe. week while working.

Last Tint Initial

A-3



of KMU taoidl

T«k«r

CJIClf Ttf UST AXSVCI AJfl V*tTt KJlMt II IQUCJ IIOTT UJB CMMt Of

II
Uhlc* dneribM thl« bulldlno. bnt*

1. Mob!It (MM* «• trailer
2. Orm fMlty Kouoo fetocftod froa any «tNor

3.
4. MM
5. luhtf<ri Mlth 2 ipcrtMnti
4. tudtflr* with 3 or 4
7. luimr* »lth J t« t
I. lulltffnc with 10 *r «or«
f. Don't

«1r« bnt

of tH*
by the

Crod*

MtMOl

Son colltto
(|A, M, U. \n, tte.)

pe*t|rtduiti «ork
totfrtdum nerk (Kuttr't, W«.
J.D., H.D., ttc.)
Itfusod rnper««
Oan't know

c« In this
ucludlnf halls?

1. 2 or I
2. 3 to 4
3. S to 4
4. 7 to • i
5. * to 10
4. 11 or
7. lof\Mtf r
9. Don't

Now lonf h«v« yw tnri your fomUy oecvplcd
till* opo/tMnt or houtoT

1. ln« th«« 2
2. 1 onrtJi* to tl oanttt*
3. 1 y*or to 2 yMrt
4. 3 ytort to S y*ort
5. * yoort to I y»or*
4. 9 y*«r» or oar*
7. lofcjBorf n
f. Don't

MO- t^lo >MUM or oportaont bulltT U onywo In (hit rvoldoneo pr*irwntf

1. To*
flrot

2. M
3. lofuiod rotpomo
9. Don't know

1. In thlt houttholdby you or ttm
•ltd oortMto or loonf

2. OOTOO* by you or loaoono In this
froo ontf cltor (ulthout • oortt«to)T

3. Ionto4 for cuh rontf
4. Occielod without poywr.t of u*k rontT
5. Othor
4. lofuMd rnpenoo
». Don't know

A-4



fc-lt*

Study I lock

«r 10

c:ir.£ «JU£t tl (.OUft IICNT CTVCI Of
hXMHOtd «

L^U «w «l̂  for »*ch
— U»t«d an tfcond ?*»«

•a
,, porn* 2 ind «tN«rt

riUtoa' to porter. 17

,. rw (to « «»>
, M (90 to I9«)

n
4 MM »rt tfity rilitidl
j. »u»fc*nd/»lfo
2. Mturtl -borrV»dopt»d/

MtVd** ît«i>

3. Step or focttr chi Id
4. f«th«r/«oth«r
5. ertndcMld
*. Othor
7. KfuMd rt*por««
». 0«v>t know

1. If not rtlic*d:
1. toojHr, ba§ni«f

UM*TT. rooMt*

„. jr*«rr1«d p«rtn*r

i. Oth«r non-r«l«tl^

5. t«fv»«d rt«penM

9. Don't kno»

110
«tcr<b» roco of p*r*ora In
«^ k^^^^^^ijjtf noiA f̂Mia.
i. C«ue«*ian
'. ifrlcjn-AMHcjn
>. tnrtlon teir<un
.. (»k<w or Al«wt
5. UI«vT*ttfte Utondor J
o. Ofwr f
7. ItfvMd fiipcrat J
f. Ckn't know 3

"*

U H4T<t«l JtltVJ*

1. B«M omrriod
t. WldOMd

<v«rca4

^pM-ocod

S. SlnfU

K lofu>«d r*tpor»o

F«rton 1 1

1

2

Iw
1. I 2. f

1
2
3
4

5
4
0

Mrton 1 2

'••»

1
2

1

2

3
4

3
4
7
9

1
2
3
4

S
9

1
2
3
4

S

4
7
•

1. N 1. t

1

2
3
4

3
4

9

IBBB̂ B̂l̂ MMBBKKM

Mrton » 3-
IMO

1
2

1
2

3
4

5
4
7
9

1
2
3
4

3

»

t

2
3
4
S
4
7
9

1. » 2. t

1 1

1
2
3
4
3
4
9

—^— — — •— «
Nrion f 4
«M«

1

2

1
2

3
4

S

4
7
9

1
2
3
4

5
9

1

2
3

' 4
5
4
7
»

i. • 2.r

/ /

1
2
3
4

S
4

9
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1991
ciiat TK MIT unit us mm »y*m !• iewu near muc coun ot tot

nit ora c«(un*f»V o«di
p»c*on Uitod on t«cord po««

A

r«l«tod to por»on 17
1. TM (H to •»*>
2. M (04 to f9f)

•9
A. MM «ro thor rtl*tod7

1. VV«bordy»<ff

2. ••tur«l-bem/*dept«d/

3. Stop or foottr child
4. fitMr/oathor
S. Grandchild
4. Oth«f
7. It/ui«d rttpona*
9. 0«n't kriM

1. If not rolttod:
1. locmr. boordor
2. BoutoMto, rooMott
3. Unarrlod portnor
4. Othor non-rtlitlvt
5. tofuiod rnpenM
9. Ooi't knew

•10
0**erlbo roeo of porter* tn

1. CoucMlon
2. Afrlun'tetrlun
3. Indlon Aovrlun
4. ta<o» or Alout
3. A«lMV*wlfU Ulondor

V • ^rtoWT ^^^^^^^^Ev*

7 t A^V.M^^ ^^^^^ Î̂ ^^M• •WVl^BW ^^^^^^H^pV

9. Don't M^ f̂f

•11 tax

•12 Afo In Ttort

•13 Ooto of llrth (m/CO/TT)

•14 RArltol Stotuo •
1. •«• Mrr<*d
2. WldOMod
3. Olvwcod
4. S«poritod
S. Sln|lo
4. lofuood rnpor**
9. Oon't kreM

Mrfon • S
VMO

1
2

.

1
2

3
4
S
4
7

•

1

2
3
4

S
9

1
2
3
4
5
A
r
9

i. • 2. r

, ,

i
2
3
4

S
4
9

9 tr»«n • 4
•••• _

1
2

1
2

3
4
S
4
7
9

1

2
3
4

S
9

1

2
3
4
9
4
7
9

i. • 2. r

/ ,

i
2
3
4
S
4
9

'trwn • 7
lOM

1

2

1
2

3
4
S
4
7
9

1
2
3
4

5
9

1

2
3
4
9
4
7
9

i. N 2. r

, ,

i
2
3
4

S
4
9

—— — — »
Nrton • I

1
2

1
2

3
4
S
4
7
9

1
2
3
4

5
9

1

2
3
4
3
4
7
9

1. N 2.1

, ,

1
2
3
4

5,
4
9
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Ctrma Hoc*

for*

1991

t»_

"^ C.'IClt IX 1

,,U am eolLBH for *tc*

_,»^ llttad en i*«ond C*»«

M
,, p*-van 2 and othtn

Ml»t*d ta p»r*on IT

,. TM (»o to 194)
) M <«0 tO f9»)

19

4_ ICH tr« tfiry rtlttrd?

1. fc*b«r«tMf«

2. l«tiril-borrv*dapt«4/
a JM/ x_t_t^% t • pI W WB^rf^p* » ••

j. SIM or fotttr etil Id

4. fith«r/«oth«r

). CrwvfcMld

4. Otsor
;. tifuBod r«pon««

f. CMan't kneM

1. |f net rtlattd:

' aar. boardtr

«ji«iNt«t reoBBitt

3. UnBBrrfvd ptrtnar

i. Oth4f ron-r«l»t(vt

J. ItfiMd rr»per*4

f. 0«n't tnow

•10
:mHb» r*e« of pBrtona In
- _ — ±_f- _, ̂ *n 1 rf
^UT nCUBMnOiO*

1. CAXMton
2. Afrfcan-AjBirlcin

J. Indian Aoarlcan

4. taiBJB or il«wt

taasbsvci A*O MITI NXICI 11 ic«i IICXT HAJ« ca«ti c* ka " '

>«non I 9
in>a

1

2

1
2

3
4

S
4
7
«

1

2
3
4

5
«

1
2
S
4

5. Ajlvv^Bcifle UlandBT «•& '

». OU r̂ IK 4

7. t«fv*«d rMperM ^^K 7

». Ckn't kntM ^HK *

•U Us

•12 A** In T«ar*

"3 Brtt «f llrth (>0»/00/Tr)

•U M«r(tal Status

1. lev a»rrl«tf

* VldOMd

• Ivoread
»• Separated
J. Single
*• l«fv»«d rrtpenta

_*• 9*n«t kJWN

i. R 2. r

. / /
t

1
2

3
4

S
4
9

Mrton 1 10

1MB

1

2

1
2

3
4

S

4
7

9

1

2

3
4

S
f

1

2
S
4
S
4
7
f

i. » 2. r

/ /

i
2
3
4

S
4
t

•̂ ^̂ "̂•••••̂ •̂••i

>*n«n 1 11
• ••»

••••̂ •••••.

1
2

1
2

3
4

S
4
7

9
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4

S
f
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S
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f
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1
2
S
4

S
4

*

>»rvon 1 12

^̂ ™^̂ "

1

2

1

2

J
4
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S
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S
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Illinois Department of public Htalth
Xadiaoa County Lead study

CensusTor*

ffuaaer i»ti

Census Block «

Census Taker ID.

Census Household t

ANIMAL DATA - CIRCLE THZ ANSWER THAT BEST APPLIES

1. Do you keep a cat or dog at your dwelling?

1. Yes (if yes go to next question)
2. No

2. If yes, what is the species, sex, age, and how long had you
had each individual aniaal?

Animal f 1

Name

Species
1. Dog 1
2. Cat 2

Sex
1. Male 1
2. Feaale 2
3. Neutered 3

Age in
months or DK* DK

Months of
Possession
or. DK* OX

•!

2

1
2

1
2
3

DX

DX

3

1
2

1
2
3

DX

DK

4

1
2

1
2
3

DK

DK

5

1
2

1
2
3

DK

DK

6

1
2

1
2
3

DK

DK

*DX-do: ow

Yean Months

0.5
1.0
1.5
2.0
25

3
S

*.o
4.5
5.0

6
12
16
24
30
36
42
a
54
60

Y«en Month*
i
*
(
.8
>.o

6.5
7.0
7.S
6.0
6.S
9.0
9.5

i 10.0
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64
73
71

l

1
64
M
96
102
106
114

| 120

Y.« Month*

10.S
11.0
11.5
12.0
1«.$
Ki.O
13.5
14.0
143
15.0

126
132
136
144
ISO
1S»
162
16*
174
160



Illinois Department of Public K«alth

Kadisoa county Lead Study Census Block I

guxmer itti

The Illinois Department of Public Health thanfcs you for your
cooperation. The census information given to the Illinois
Department of mobile Health vill b« used to help determine vhich
particular areas to ttudy. v« n«*d coa« of this information to
chooc« groups of r««id*nt« that Bay b« «xpoc*d to lead as v«ll as
similar groups of r«sid«nts that ar« not «xpos*d.

You should hav« received a copy of tLh« consent font that vill b+
us«d for this study. W« are distributing this now so that you
hav« plenty of tiae to read it in advance if you are asked to
participate.

Zf you did not receive a copy of the consent fora or if you have
any further questions regarding this study, please contact:

To* Long
Illinois Department of Public Health
Division of Environmental Health
525 West Jefferson Street
Springfield, Illinois 62761
(217) 782-5830

David Webb
Illinois Department of Public Health
22 Kettle River Drive
Zdvardsville, IX, 62025
(618) 654-6680

Cathy Copley, Illinois Department of Public Health
2125 S. First Street
Champaign, IL 61820

Printed by Authority of th« State of Illinois
P.O. 53010 7H 7/91
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PROTECTION Or HUMAN SUBJECTS
ASSURANCE/CERT! FICATIGN/OECUARATION

Csni.nyatifl"

. .,,G;NAL G fOLLQWCP D SXS.MPTICN
!srt»iouilv

APPLICATION IDENTIFICATION NQ. f,

/-/• 4 riseircn *cf/vi'r/ involviny fnimtn uiO/Ka f/Uf <l "Of exemot from HHS rtyulitiont mty not ce funded units in ln:;;;-
' flr"f» Sard 11X91 bit reviewed tnd.3oproved (fit jcr/v/ry in iccordina with Section 474 Qf f,t p-j0lic Heiirt Struts ~c:

tuomit certification of IPS rtvitw and ipprovtl with each ipplicition. tin excestiontt out. ctrtifictticn my tit
ua ;o SO diyt after -jit rtctiat datt for whicn eft* tOpHcation it :uomit:td.l In tA« c«« of institutions wnicfi do r-.e:.:t-ie tn

:f c;r~gt;anci on f.'/e *i:n r!HS covering tf.e proposed ictivir/. ctnificttian of IRS review ind toprovtl mutt if --znirel
**'n 20 div* of tflt receipt of t *nr.en request from HHS for certification.

<rti! Of APPLICATION OR ACTIVITY • "

TOfl. CS ?S'.LOW
c

thcsas F. Long

•^QQ ANO QBUC AQMINISTHAT1QN H6CUI«gQ INPCBMATIONJt^JiWfj

• -s,,, inidiuiion «Ji in i0erev«d iuu/in<i o/ ecmoii«net on Hit *»i«i HHS whieh eawrt tnii
' '

*.so iiiuriMt o( esmoiiinei whie.1 icoiiti <o tftii »e:ivitv
" n i i x t «"<* eirtifieaiion o( !«• ti»it*» «nd *eero«*l in

nuoiifitd witn HHS. but «• wolicant inttitution mil prev.et wr.tnn iti-jr»r.ei a!
*i C?« 4<we«i rvcunt.

o* i«a pteviewoft OECI>«ATION

ind •eorov^ ftv

SXIMFTION

1 .n iceardanct «K« t«« ftwirtrr.na of «5 C^R «
i«| POA i»nu lor ta«n in»«ti»atic«al ntw dru« or dm<t

.:». TV,

6/20/91

Btvi«w

.Cm of IRI rivitw and leerovil. lit iepra*tl It eti>4inf. wrin ">«nrf//»f," Foltt*vg ttrofietiita i

Q taftiittd HmVw

.5 CM «4«.n 6« rt,i«»«d tnd

««. «t -*«. HM Ml bt« ft.ri.MC T*. IM h M«««
ba<er« ifitv art iniciacM and tftat aMtoonao hinlitr ca«««auo« f/o«n WW* Utl

.̂man wbjicts d. but mia a«Miv 9— i«- »«r
. I M^w^t 5;. ttut tf»» JnUBMH* did not Cn.ya.t

(inmrt stninsn nw/rtetr

Each otticial signing Mow etniflw that tht information providtd on this form is corrtet and diat aaeh initituticn
auumcs responsibility ̂ «̂ n« «quir«d fcituit rtvi«vw. approvals, and submissions of ewnfiation.

APfU

*M«. AOOMISS. ANO TIUCP

o»rd of Tcusct«3 of
;ouchern Illinois Univtrsicy
'irsondalt, II 62901
^7/752-3318

ANO TITIS Qf OPPICiAk tanntar tyffi
iichird C. Moy, Otaa and Provost, for
[ohn C. Cuyon, Ph.D.. Praaidane. SIU

OP OPPIC1AW UJTIO AlOVl ttn*

COOP 1HATINO INSTfTUTION

NAM«. AOONISS. AMD TH.IPHOH* NO.

Illinois D*p*rcn«nc of Public Htalch
22S V«se J«ffiraoa
Springfitld, II 62761
217/782-3830

'NAM! ANO TITtt Of QfHGlAl. ton"* a/ nr»«*
Joha R. Lumpkin, H.O., Dirtccor 6 / 2 5 / 9 1



-<nu..-rn i i « i n o w unjvcrsn/ o / ->-7
School of Medicine Protocol r / / -Q /
Springfield Committee (to ta *»pied by Office of ADR)
for Research Involving Human Subjects

Application for Approval of i Research Protocol
<• M*^N hr«tfc*t«rK Complete either A. 0, or C u ippropri.au to your protocol. ?!eue

call the Office of (h« Auociate Dean Tor Research. 782- 7934, if you have question*
Pfaui Sch*fc Ont ( I) copy of this application form along with the appropriate number of copies of other
material u indicated below to the Office of the Aiscciate Dun for Research, SOI North RuUedfe,
Springfield. Illinois.

I. Investigator

IJepartmenl: I l l ino i s Deoarcrmc .g* P"M(e Ttieahon«; f 7 17^ 7 a ? . ; a i n
H e a l c h '

Co- Investigator^): Cacher ine Cool-v

Title of Protocol: M u l c i i i e e He aw y.eeal Exposure Scudv in I l l i no i s . K a n s a s j».a

Missour i

fundin|: _ IJepvtmental _ CRC X r.itctnai (.Specify)

Disease Retiserv

t Oa*- Wkald by
t

' Other

If Yes. Approval of Department Chair Indicated by Signature:

TUi Protocol wfl bt hipliaiBtd afc

Memorial Medkai Center

SL John's I lospiul

Neither

rfck t» •kftcte e.g. drug aad medical Uevki trials, lurpeal and other i
studies involvinf randomiTation. placebo control!, etc.

1. Thirty \3U) cupw of the complete protocol;
2. Thirty. (30) cnptea of » consent form prcp«red on Form SCR I US-B 12/tl

B. Rewvdi prveadat BWaa) riek to M^afi In order for your xtudy to be catefBRied u a
•MINIMAL RISK* project, it must fall into one or more of the foDowini area*. Pteas* indicate the
category:

I. Collection of hair and nail clippinp in a nondWiguring irannen deciduous tteth; and
permanent teeth if patient care indicates a nesd for extraction.
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f inancial j t a n d i n f o r tmployabilitr: In ( i l " > > 'h t rtstaj-r.1 cetn % i t h ,« n j l ; :v« I J? tcLj
of the subject's own behavior. iuch is i l l r f f a l conduct, dm* uie. .lexual behavior , nr
use of alcohol.

4. Research involving thi observation (including observation by participants) of pub l ic
behavior, except where til of the fo l lowing condi t ioni txist: (i) observations art
recorded in juch t manner that the h u m a n subjvi-u can be identified, directly or
through identifiers linked to the subjecu: (ii) the observations recorded about the
individuaJfilfthey became known outiide the research, could reasonably place the
subject at risk of criminal or civil liability or bo damaging to the tubject'i financial
s tanding or tmployabil i ty; and Uii) the research deal* with teniitive aspects of the
subject 's own behavior iuch aa illegal conduct, druf uic, lexual behavior, or u«e of
alcohol.

S. Research involvinf the collection or itudy of eziatinc dau. documentj. rtcordi.
patholoffical ipecimeas. or diafnoitic ip*cimena. if these lourcu are publicly avail-
able or if the inforaation is recorded by the inveitifator in iuch a manner that
subject* cannot h* identified, directly or throufh identifleri liaktd to the iubj«cu.

Pleue submit
1. ThrM (3) copies of the protocol.

II. Ail inveetifatort miut aifB th« followinf aUtement ofunrtaea:

The propoa«4 invejtif atioa involves tht uae of human subjects. I am aubraittinf thia form with a
description of ray protocol prepared in accordance with institutional policy for tht protection of
human subjecu participatinf in research. I am responaiblt for:

• insurinf that informed consent is documented by tht use of a written content form approved by the
(3B and signed by the subject or the subject's legally authorised representative and that each
, rson signing the form is flven a copy;

• placing the consent documents signed by human research subjecta in a repoeitory approved by the
Associate Dean for Research:

• reporting the progress of the research to the Associate; Dean for Research as ofUn as and in the
manner prescribed by SCRIHS but no less than onct per year;

• reporting promptly throufh my department head to the Associate Deaa for Research any injuries
to human subjects or any unanticipated problems which involve riaks to the human research
subjecu or othen;

• reporting promptly throufh ay department head to tho Associate Dean for Research proposed
change* in my research acttTttjr. I understand that change* in reeeareh during the period for which
SCRIHS approval haa aJre*d7 b«ea given, shall not b« initiated by me without SCRIHS review and
approval, except wher* necessary to eliminate apparent immediate hazard* to tb* subject;

• reporting promptly to that Aaaociata Dean for Research and SCRIHS any serious or continuing
th» requireoOTlr the SCRIHS General Assurance or tho determinations of

SCR1HJ

Signature of Principal Investigator

Note: Please refer to Scuthorn niinoisTfntverally School of Modicin., Sprinfflsjld
Committee for Research Involving Human SubJocU Aieurmnce of Compliance with
HHS Regulation* for Protection of Humsm Ree«arch Subject* for policy regarding
research involving human subjects.

Page 3 of 4

FORM SCRIHS-A 12/82 »-*



August 1991 Date
IV70RXZD COtffllVT 70RJC

Protocol I 91-37

Informed consent consists of tne following elements:

~A~ fair explanation in terms the subject can understand, of
the procedures to be followed and-their purposes including an
identification of those which are experimental and a statement
of the expected duration of the subject's participation;

-A description of any reasonably foreseeable discomforts or
risks:

-A description of any benefits reasonably to be expected;

-A disclosure of any appropriate alternative, procedures that
might be advantageous for the subject;

-A statement describing the extent, if any, to which
confidentiality of records identifying the subject will be
maintained. If the protocol is a FDA study, a statement
should be added to the standard paragraph on confidentiality
that the subject understands his or her identity will be
revealed to the FDA;

•An explanation of compensation for injuries incurred in
research;

-A offer to answer any inquiries concerning procedures;

-An instruction that the subject is free to withdraw his/her
consent and to discontinue participation in the project or
activity at any time without prejudice to the subject;

-Ho language through which the subject is made to waive or to
appear to waive any of his/her legal rights or to release the
institution or its agents from liability or negligence.

The) folloviag t4Aitiomal elements may he required depending on
~ of the protocols

tataaent that the particular treatment or procedure may
ve risks to the subject (or to the embryo or fetus/ if

the subject is or may become pregnant) which are currently
unforeseeable;

-Anticipated circumstances under which the subject's
participation may be terminated by the research investigate:
without regard to the subject's consent;

-Any additional costs to the subject that may result from
participation in the research;
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-The consequences of a subject's decision to withdraw from the
research and procedures for orderly termination of
participation by. the subject;

-A statement that significant new findings developed during the
course â *he research which may relate to the subject's
willingness to continue participation will.be provided to the
subject; and

The approximate number of subjects involved in the study.

Individuals responsible for this research protocol:

Fred Stallings
Sara Sarasuwa
Agency for Toxic Substances and Disease Registry
Executive Park
Atlanta, Georgia
(404) 639-0564

Thomas Long
Catherine Copley I
Illinois Department of Public Health I
Division of Environmental Health •
525 West Jefferson
Springfield, IL 62761
(2J.7) 782-5830

Title of protocol: Multisite Heavy Metal Exposure Study in
Illinois, Kansas, and Missouri

Expected duration of patient involvement in studyi It may take
approximately a total of tvo hours to review this consent fora,
answer questions about activities in and around the home, take my
(child's/ward's) blood pressure, collect the urine sample, and draw
the blood sample. It may take approximately three hours for
researchers to do the) necessary environmental work which may
include collection of soil, water, and dust samples as well as a
paint survê £̂thej home.

I (XT childBfe) agree(s) to participate as a subject in this
research project, the main purpose of which 1st To determine
levels of heavy metals in blood and urine in people living in the
study.area to compare to those-levels found in people living
outside the study area as well as to currently accepted health
guidelines; to determine any relationship between heavy metal
levels found in blood and urine and those levels in environmental
samples (soil, dust, paint, and water); to determine if those
circumstances which may present greater risks of exposure to heavy
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metals; and to determine if measurements of some blood components
can be identified that may indicate heavy metal exposures.

Description of research protocol (to include objectives,
purQojJis, selection of patients, procedures to be followed,
trerOrunt plaa, etc.): The Illinois Department of Public Health
(IDPH) with assistance for the Agency.for Toxic Substances and
Disease Registry of the U.S. Public Health Service, is conducting
an exposure study of heavy metal contamination in residential ar^as
surrounding the N L Industries/Taracorp National Priority List
(NPL) site in Granite City, Illinois. The goals of the study an*
as follows:

1. To compare'my (child'/ward's) heavy metal levels in blood
and urine to those found in people living in other areas.

2. To compare the amount of heavy metals in my environment!
with those found in other areas.

3. To analyze some of my blood components and see how they
compare with those found in people living in other area^.

i
4. To compare the results of the tests of blood mentioned

above with the standard reference ranges for these test:!.

5. To determine if there is a statistical relationship
between activities and/or situations in and around the
hone and the.amount of heavy metals found in my
(child's/ward's) body.

6. To compare the levels of heavy metals found in ay
(child's/ward/s) blood and the levels of blood components.

7. To compare the results of my community's exposure with
people living in areas contaminated by both industrial
mining emissions.

As a resident, I am being asked to participate in order to
determine the degree of my (child's/ward's) exposure to heavy
metals. This study vill include some people living within two j
miles of th/e NPL site. The individuals doing this study would liXe
to BssVfude all children between the ages of 6 months through 71 \

Some older children and adults, chosen randomly, like
a coin, will be asked to participate.
the study may include:

My (child's/ward '

1. Answering questions about, habits and activities in and
around the home and about the occupations of adults in the
home. Questions concerning financial status will be asked
well. This interview will require about one hour.

'2. Having blood pressure measured.
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3. Permitting a blood sample not to exceed 30 ailliiiters
(about 2 tablespoons) to be taken with a sterile needle froa a
vein in the am.- I (My child/ward) aay be asked to provide a
second sample at a future date to measure changes over tiae.

4. Providing a urine sample by voiding into a container. A
container and instructions will be given to me. The sample aay
be picked up later. No urine is to be collected from infants."

5. Allowing testing on blood and urine samples for heavy
metals and associated biological measurements. Some of the
blood work for imnunological tests is considered experimental.

6. Allowing environmental samples to be collected from in and
around the home. This will require IDPH or their
representatives to enter the home and conduct a survey of
paint. In addition, water, dust, and soil samples aay be
collected to be analyzed for heavy metals. The sample
collection may require up to three hours.

I understand that of the procedures described above, the
following are experimental procedures: None.

I understand that the reasonable foreseeable risks or discomforts
•ay be as follows» There is little risk associated with the
blood drawing procedure. The needle will be l«ft in .ay
(child's/ward's) arm for a few minutes. I (My child/ward) can
expect to experience some pain at the moment the needle goes into
the ana. In about 10 percent of cases, a saall amount of bleeding
under the skin will produce a bruise (hematoma). There is a very
saall risk of temporary clotting of the vein, infection, or
fainting.

I understand that the benefits vhica aay reasonably be expected
from ay (ay child's vard's) participation ia this study are: I
will know what kind of environment I live in and if I have been
exposed to- lead. A copy of this consent form will be given to me.
Results offflfepd, urine, and immediate environment tests will be
provided t̂ Bt-and/or our physician at no charge. I will be
provided v̂ BJreeoamendations to reduce the amount of exposure to
heavy aeta9ut results reflect potential of excessive heavy metal
exposure. We will be included on a Bailing list and will receive a
copy of the final report.

I am avare that the following alternative procedures could b«
advantageous to ae: Getting the same tests done by a private
company or laboratory. I could choose to do nothing.
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Diseussioa of additional elements of informed conaent, if
applicable, if none arc applicable, please state.

Confidentiality is assured since IDPH will take every reasonable
predRStion to keep ay (my child's/ward's) records confidential.
Any information shared with the Agency for Toxic Substances and
Disease Registry or Centers for Disease Control will be kept in
accordance with the Federal Privacy Act of 1974 and will not
include information which ijentifies me (my child/ward)
personally. Any reports of this study will not identify specific
individuals afid will only give group information.

We understand that we may be asked to participate in future studies
to measure heavy metal blood levels and environmental contaainaticr.
concentration changes over time.

This protoco1 has been reviewed and approved by the Springfield
Committee for Research Involving Human Subjects as preserving
safeguards of subjects1 privacy, welfare, and civil liberties. The
Chairman of the Committee may be reached through the Office of the
Dean and Provost,- Southern Illinois University School of medicine,
801 North Rutledge Street, Springfield, Illinois 62708, telephone
(217) 782-3318

I may contact the following person to answer any inquiries I may
have concerning this research protocol and ay rights as a researc*
subject: Catherine Copley; Illinois Department of Public Healf
525 West Jefferson; Springfield, IL 62761; (217) 782-5830 or . */-a
Webb; Illinois Department of Public Health; 22 Kettle River DrJv*»;
Edwardsville, IL 62025; (618) 656-6680.

I understand that my (child's/ward's) participation in this study
is entirely voluntary and that I may decline to enter this study or
withdraw froa it any time. If I wish to withdraw, I understand
that it is important to notify ay doctor so that he or she can plan
for ay continuing aedical care.

Any information obtained froa this investigation which can be
identified with me will reaain confidential or will be disclosed

my permission. Should any publication or public
n. result from this study, ay (child's/ward's) identity

b« revealed.

I unaerstand, in the event of any research-related injury result in?
froa research procedures, that financial compensation is not
available, but that immediate medical treatment for injuries is
available at usual and customary fees at St. Elizabeth's Medical
Center .in Granite City, Illinois. I also understand that should I
(my child/ward) suffer any physical injury as a result of
participation in the research program, I may contact the Chairman,
Springfield Committee for Research Involving Human Subjects,
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Southern Illinois University School of Hedicine, 80L North Rutledge
Street, Springfield, Illinois, 62708, telephone number (217)
732-3318, who will review the aatter with ae and identify any other
resources that aay be available to ae.

printed Naae^of* Participant:.

Signatures:

Subject, Legal Guardian, or Sext of Kin Date

Participant under 18 Years o'f Ag« Date

Principal Investigator Date

W i t n e s s : D a t e

(Date consent form approved by SCRIHS; /«3o/ 9/ )

.a.
:vsO
-,3V/
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Illinois Department of Public Health SCRIHS fro:oci i -*9 '
August 1991

Date
INFORMED CONSENT FORM c*—«* »> ~'«

Informed consent consiso of the following elements:

-A fair Explanation in terms the subject can understand, of the procedures to be followed ar.d their pur:o«
including an identification of those which are experimental and a statement of the expected duration of t>.<
subject's participation;

•A description of any reasonably foreseeable discomforts or risks;

•A description of any benefits reasonably to be expected;

•A disclosure of any appropriate alternative procedures that might be advantageous for the subject;

•A statement describing the extent, if any, to which confidentiality of records identifying the subject v.-;;: b
maintained. If the protocol is a FDA study, a statement should be added to the standard paragraph »r.
confidernaJity that the subject understands his or her identity will be revealed to the FDA;

•An explanation of compensation for injuries incurred in research;

•An offer to answer any inquiries concerning procedures;

•An instruction that the subject is free to withdraw his/her consent and to discontinue participation in the
project or activity at any time without prejudice to the subject;

•No language through which the subject is made to waive or to appear to waive any of his/her legal rigr:.
to release the institution or its agents from liability or negligence.

The following additional elements may b« required depending on the nature of the protocol:

•A statement that the particular treatment or procedure may involve risks to the subject (or to the e.tbr/o
fetus, if the subject is or may become pregnant) which are currently unforeseeable;

•Anticipated circumstances under which the subject's participation may be terminated by the research
investigator without regard to the subject's consent;

•The consequences of a subject's decision to withdraw from the research and procedures for orderly
termination of participation by the subject;

it that significant new findings developed during the course of the research which may reli:c
icfs willingness to continue participation will be provided to the subject; and;

jximate number of subjects involved in the study.

Individuals responsible for (his research protocol;

Fred Stallings Thomas Long
Sara Sarasuwa Catherine'Copley
Agency for Toxic Substances and Disease Registry Illinois Department of Public Heater.
Executive Park Division of Environmental Health
Atlanta, Georgia 525 West Jefferson
(404) 639-0564 Springfield, IL 62761

(217) 782-5830
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; ;jif.oiJ Cepanrr.ent of P u b l i c riejj-ji f ^ _

Tide of protocol: Mulrlsite Heavy Metals Exposure Study in Illinois, Kansas, and Missouri

£r?ecred duration of patient involvement in srudy: It will take approximately 1 and 1/2 hours to review chis cons«.-.c
farm, comple te the questionnaire, collect the urine sample, and collect the biological samples. It will take at leas: I
u0ur to col lect soil, water, paint, ar.d dust samples from my home.

I (My chJJd/ward) agretfrfto'Vanicipare as a subject in this research project, the main purpose of which is: To
determine levels of hear/ metals in blood and urine in people living in the study area to compare to those levels
found in people living outside the srudy area as well as to currently accepted health guidelines; to detenr.ir.e any
relat ionship berwetn heavy mecil levels found in blood and urine and levels in soil, dust, paint , and water ; to
determine risk factors for exposure to lead and cadmium.

Description of research protocol (to include objectives, purposes, selection of patients, procedures to be followed,
treatment plan, etc.): The Illinois Department of Public Health (TDPH) with assistance from the Agency for Toxic
Substances and Disease Registry of the U.S. Public Health service, is conducting an exposure study of heavy rr.t'.i1.
contamination in residential areas surrounding the N L Industries/Taracorp National Priority List (NPL) site i-
Granite Cit" Illinois. I am bein; asked to participate in this study.

1. To (.'etermine if there is a statistical relationship between activities «nd/or situations in and around the r.crr.s
and the amount of heavy metals found in my (child's/ward's) body.

2. To compare the levels of heavy metals found in my (child's/ward's) blood to the levels of blood components.

3. . To compare the results of my community's exposure with people living in areas contaminated to both
industrial and mining emissions.

As a resident, I am being asked to participate in order to determine the degree of my (child's/ward's) exposure to
heavy metals. This srudy will include some people living wichin two mfl«» of the NPL site, rhe individuals doing this
study would like to include all children between the ages of 6 months through 71 months. Some older children a.-.c
adults, chosen randomly, like tossing a coin, will be asked to participate. My (child's/ward's) part in the srudy may
include:

1. Answering questions about habits and activities in and around the home and about the occupations of adsJa
in the home. This interview will require about ont hour.

2. Permitting a blood sample noc to exceed 30 millfliters (about 2 tablespoons) to be taken with a sterile nescle
from a vein in the arm.

3. Providing a urine sample by voiding into a cup in the privacy of «n enclosed area. Instructions will be given
to help my (my child/ward) ust the cup to collect urine. Parents will be asked to help small children.

4. Allowing envirtMttnl samples to be collected from in and around the home at a later date. This will
require 1DPH J^HRrepresencaaves to enter my home and conduce a test of exterior and interior paint
which will caus^BKmal damage to paint. In addition, water, dust, and soil samples will be collected to be
analyzed for leaJHfceadraium.

1 understand that of the procedures described above, the following are experimental procedures: None.

I understand that the reasonable foreseeable risks or discomforts maybe as follows: There is little risk associated
with the blood drawing procedure. The needle will be left in my (chad's/ward's) arm for a few minutes. I (My
child/ward) can expect to experience some pain at the moment the needle goes into the arm. In about 10 percer.: of
cases, a small amount of bleeding under the skin will produce a bruise (hematoma). There is a small risk of fair.::.-, j.

I understand &ac the benefits which may reasonably be expected from my (my child's/ward's) participation In this
scudy are: In 6 to 8 months IDPH will send me a lerter with my (my child's/ward's) test results and results of the
environmental sampling, at no charge. If the results of medical tests indicate a possible problem, I will be notified as
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soon as possible. Otherwise, IDPH will notify me of the results as soon as all tests are done. If further medical
evaluation is indicated, recommendations will be given to seek further medical advice. Test results will be sem
family physician if I request it in writing. Recommendations to reduce the amount of exposure to lead
cadmium will be provided if results reflect excessive lead or cadmium exposure.

I am »w*£SJ&at ^e f°U°wing alternative procedure* could be advantageous to me: Getting che same test* der
private coffltplny or laboratory. I could choose to do nothing.

Discussion of additional elemenu or informed consent, if applicable. If none are applicable, please state.

iDPH will rake every reasonable precaution to keep my (my child's/ward's) records confidential.

This protocol has been reviewed and approved by the Springfield Committee for Research Involving Human Su
as preserving safeguards of subjects' privacy, welfare, and civil liberties. The Chairman of the Committee may
reached through the Office of the Dean and Provost, Southern Illinois University School of Medicine, 801 Mor:r
Rudedge Street, Springfield, Illinois 62708, telephone (217) 782-3318.

I may contact the following person to answer any inquiries I may have concerning this research protocol i.-.c r.
rights as a research subject: Catherine Copley; Illinois Department of Public Health; S2S West Jefferson; Sorir
IL 62761; (217) 782-S830 or David Webb; Illinois Department of Public Health; 22 Kettle River Drive; Edw'arc
IL 62025; (618) 656-6680.

I understand that my (child's/ward's) participation in this study is entirely voluntary and that I may decline ;o
this jrudy or withdraw from it any time.

Any information obtained from this investigation which can be identified with me will remain confidential o: -.
disclosed only with my permission. Should any publication or public presentation result from thii study, rr.y
(child's/ward's) identity will not b« revealed.

I understand, in the event of any research-related injury resulting from research procedures, that financial
compensation is not available, but chat immediate medical treatment for injuries is available at usual and cus;
fees at St. Elizabeth's Medical Center in Granite City, IL I also understand that should I (my child/ward) suf:«
physical injury as a result of participation in the research program, I may contact the Chairman, Springfield
Committee for Research Involving Human Subjects, Southern Illinois University School of Medicine, 801 North
Rutledge Street, Springfield, IL, 62708, telephone number (217) 782-3318, who will review the matter with rr.
identify any other resources that may be available to me.

Printed Name of Participant: ,

Signatures:

Subjectj^BkCuardian, or Next of Kin

Participant under 18 Yean of Age

' Principal Investigator

Witness
APPROVED BY

SCRJHS
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r HIA'/Y KZTAX. EXPOSES A^SESSiCENT QUEST IC

ID SUHBER -

HOUSE ID NUMBER ____

Scre«t

City _____ . st»t«.

cod«

Hailing Addr««i:

Str««t

City Stat*.

Zip cod«

T«l«phon« number:

horn* ( ) __ - ___ ___ ___ _

work ( ) -

1 « Phon«
2 « No phon«
8 - REFUSED
9 - DON'T XHOW

C-3



(001-004) HOUSE ID ----

(005-010) DATE __ / __ / __

100 HOUSEHOLD QUESTIONNAIRE

THE FOLLOWING QUESTIONS MUST BE ANSWERED B* PARENT OR LEGAL GUARDIAN IF THE
SUBJECT IS AGED 14 OR YOUNGER. '

would like to ask you ioae questions about the hoae you/SUBJECT liv««
(WHERE SUBJECT LIVES MOST OF THE TIME IN THE LAST 90 DATS)

(Circle appli-»ble answer.)

(011-012) 101. What year wa§ this house built? (OLDEST PART)

00
01
02
03
04
05

<1900-1909
• 1910-1919
1920-1929
1930-1939
1940-1949
1950-1959

06 - 1960-1969
07 - 1970-1979
08 • 1980-1989
09 • 1990-present
99 » DON'T KNOW

(013) 102. What type of exterior do«« your/SUBJECT'S hora« h*v«?

(014)

(015)

103.

104.

1
3
4
5
6
9

Is th« hon
1
2
3
8
9

What typ«
1
2
3
4
S
6
7
9

wood
brick
block
mobile horn*
vinyl/metal siding
Oth«r
DON'T KNOW

i« you /SUBJECT live in rented or owned?
rent
own
other
REFUSED
DON'T KNOW

of water pipes does the home contain?
lead
plastic
galvanized steel
copper
iron
nixed (specify)
other ( specify)
DqiTT KNOW
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105.

106.

for:
of water does your/SUBJECT'S household normally use

Drinking Cooki-c
(016) (017)

water
water

(city or district)
Bottled
local spring or brook
Cistern
Other
DON'T ICNOW

Which fuel do you use most

Gas — bottled or tank
Gas — pipes (natural gas)
Slectricity
Fuel oil or kerosene
Coal or coke
wood
Other
DON'T X*NOW

2
3
4
5
6
9

*

.

toe: (Circle one per

House
Heating
(018)

1
2
3
4
S
6
7
9

Water
Heating
(019)

1
2
3
4
5
6
7
9

2
3
4
S
6
9

column)

Cooking
(020)

1
2
3
4
5
6
7
9

107. Has any part of your house been repainted, sanded, or chemically o:
heat stripped, or otherwise refinished within the last year?

(021) 1 - Tes
2 - No
9 - DON'T KNOW

IF Y&S, Approximately when was this most recently done?

(022-025) /
(MONTH / YEAR) (EMTSR 99 IF DON'T KNOH MONTH)

108. Do you us* air conditioning in your/SUBJECT'S hone?

(026) 1 - Yes
2 - No
9 • DON'T KNOW



HGCSE :

HOUSEHOLD ACTIVITIES/OCCUPATIONS

like to »o«« queitions about the work mod hobbi«« of »ll
ho— - household member. included)

(027)
Have 4ny members of the household worked In raining or & mining
r.lited job such as mint m»t«ri*l handling or transportation
in th« last 90 day§?

2 . NO <GO TO 114)
9 - DON'T WOW {CO TO 114)

110. Wha4 typ« of raining or min. related work hav. houi.hold
m.S«r.don. in tht la.t 90 dayi? (Circl. all that
apply.)

(028)
(029)
(030)
(031)

(031)
(032)
(033)

a.
b.
c.
d.

f.
9-

Underground 1
Surface 1
Milling 1
Transportation/
handling l

Clerieal/Adnin. 1
Smelter X

Other 1

No

2
2
2

2
2
2
2

Don't
know

9
9
9

!9

?9

IF OTHER, SPECIFY;

111. What type of mine or mine material, have household
members worked with in the la.t 90 day.? (Circle all
that apply-)

(034)
(035)
(036)
(037)
(038)
(039)
0340)
1041)

a.
b.
c.
d.
e.
f.
9-
h.

Lead
Zinc
Silver
Molybdenun
Coal
Limestone)
Clay
Other

Yes

1
1
1
1
1
1
1
1

No

2
2
2
2
2
2
2
2

Don't
know

9
9
9
9
9
9
9
9

If OTHER, SPECIFY:
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112. :c«s any houithold r.eraber(i) that worki in a nine
mr.ip.g ctlattd job w«ar HlS/hla work clothing horn
workina?

2 •
3 - Sivtr
9 - DON'T K.NOW

113. Dees any houithold m€mto«r(f) that work! in a mint or
T.i.-.ing rtlattd joD com* home iron work
s.-.cwer ing?

(C43) 1 • Mw»y»
2 • Som«cun«i
3 - Ntv«r
9 » DON'T KNOW
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HOUSE 10

9
CO

Maul I have BOM queatlona about • number of activities you or other household member• may do or may have dona
In the leet thraa month*. Thaaa includa thlnga you may have dona for work, hobble*, or chorea and at home or other place*.

114.In tha laat 90
your houeaholdi

(Circla all that

any member* of

Ye*

a. Painted pictures
with artlata paint*? 1
(not children'* paint*)

b. fainted, atalnad or
reflnlehed furniture? i

c. Painted the Inalde or
outeide of a hoate or
building*

d. Work with atalnad
glaea?

e. Caat lead into flatting
alnkara, bulleta or
anything elaa?

f. Worked with aolderlng
in electronical 1

g. Soldering pipe* or
aheete of metal?

h. Repaired auto
radlatora?

114a.

Uae thle done at

..4B. IF WOnK/OTIIERi

Were thoaa clothe* Dl /aha ahower
home, work, or
el*ewhere?

No Don ' t
know

2 9
(044)

2 9
(04«)

2 9
|0$2»

2 9
(054)

2 9
(060)

2 9
(064)

2 9
(068)

2 9
(072)

HOME
OTHER

3

a

3

3

3

3

3

3

WORK/ BOTH Don't
know

4 5 . 9
(045)

4 S 9
(049)

4 5 9
(053)

4 5 9
(057)

4 5 9
(061)

4 5 9
(065)

4 5 9
(069)

4 5 9
(073)

worn home?

Yea No Don't
know

1 2 9
(046)

1 2 9
(050)

1 -2 9
(054)

1 2 9
(05B)

1 2 9 .
(062)

1 2 9
(066)

1 2 9
(070)

1 2 9
(074)

befJBpre coming home?

Yea No Don ' t
know

1 2 9
(041)

1 2 9
(051)

1 2 9
. (055)

1 2 9
(059)

1 2 9
(063)

1 2 9
(067)

1 2 9
(071)

1 2 9
( 0 7 5 )
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HOUSE ID

114. (Continued)
In the laet 90 dayij
/our houeeholdi
(Circle all that apply)

any taeaibara of 114a.

Ha a thle don* at
home, work, or
•laawh«r«7

me. ir

Here thoea clothee
worn hoaa?

Old ha/aha ahower
before cowing home?

Yea

r. Plaatlca manufacture? 1

a. Battery mant'1 acture? 1

t. Pipe machining? 1

u. Electroplating with
lead aolutlona? 1

O v. Refining gaaollne? 1

0
w. Paint, glace, and

ink manufacture? 1

K. Rubber manufacture? 1

y. scrap metal recovery? 1

si. Other lead related
Job or activity? 1

•PECirv

>2. Other cadmium related
Job or activity? 1

SPECIFY

No Don ' t
know

2 9
(112)

2 9
(11*)

2 9
(120)

2 9
(124)

2 9
11")

2 9
(132)

2 9
(136)

2 9
(140)

2 9
(144)

2 9
(146)

HOHE
OTHER

3

3

3

3

3

3

3

3

3

3

WORK/ BOTH

4 5
(113)

4 5
(117)

4 S
(121)

4 5
(125)

4 5
(129)

4 5
(133)

4 5
(137)

4 S
(141)

4 S
(145)

4 S
(149)

Don't
know

9

9

9

9

9

9

9

9

9

9

Yea No Don't
know

1 2 9
(114)

1 2 9
(1181

1 2 9
(122)

1 2 9
(126)

1 2 9
(130)

1 2 9
(134)

1 2 9
(130)

1 2 9
( 1 4 2 )

1 2 9
(146)

1 2 9
( I S O )

Yee No Don't
know

1 2 4* • 7

(115)

1 2 9A 4 7

(119)

1 7 Q<* 7

(123)

1 t Q* * 7

(127)

1 9 <J* A 7

(131)
.

1 3 9* * 7

(135)

1 2 9* * 7

(1J9)

1 2 9
( 1 4 3 )

1 7 <1* A 7

( 1 4 7 )

- 1 2 9
(1*1)



- Sew I'd like ta • «* '/cu «o«« q-j«i*ioai about ycur diet tad i
preparation:

115. When foo^ cr -r-nlcB *£• prepared, served, or stored, are t̂ .ey often
placed in clay pottery or ceramic diahei which were homemade or .-r.a<ie
in ar.cther country?

(152) 1 - Y«i
2 • No
9 • DON'T XWOW

115. when Jcod or drinlci are prepared, served, or stored, are they o f t en
placed in cc?p«r or p«wter dish«« or containers?

( 1 5 3 ) 1 - Yes
•2 - So
9 • D O N ' T K.SOW

11". When fsod or drinJcs are stored or put away, are they sometimes
stored in the original can after being opened?

; 1 5 4 ) 1 - ?••
2 « So
9 » D O N ' T W10W
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Now I have * f«w other- questions about your household.

118. Dees anyone smoke in your/SUBJECT'S home?

(155) 1 • Yts
2 " No (CO TO 121)
9 » DON'T KNOW

(156-157)

119. How many people smoke in this horn*? (including reculi-
visitors/babysitters) • .

(nunber of people)
(99 » DON'T KNOW)

(158)

i20. Does anyone smoke TOBACCO PRODUCT in your/suaJZCfs her.*?

(Circle responses).

17 YES, How many:

a.Cigaratctf 1

Ho Don't
know

(161)

(16*)

b. Cigars

c. Pipes

1

1

2 9

2 9

per <iay
(159-160) in the house?

(1 paek«20)

Cigara per day in
(162-163) the house?

___ Pipe bowls per <iay
(165-166) in the house?

121. Do you have any dogs or cats that go in and out of the house?

(167) 1 • Yes
2 • No
9 • DON'T KNOW

If yes, specify nuaber

122.

(168)

Has anyone ever used any materials froo mines or smelters, such as
chat or slag, or lead industry material in or around your house or
yard?

1 • Yes
2 • No
9 « DON'T KNOW

i* vts, spicxrr WHAT MATZ»XALS AND HOW THZY WEBS uszo:
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123. what .» -n* highlit ytar of education that was ccnputed by
tre head of this houiehold? { RESPONDENT KUST DECIDE WHO HIAO
Cf- HCVSIHOIO :s)

, i55-l~l)

No schooling
Elementary School

Higj£*5Jiool (GEO-012)
Technical or Trad* School
Junior or Community College
•"cur year College or University
Atte.-.ced Graduate School (or.
R£?USSO TO
DON'T X.SOW

(circle one)

:co
CCl CC2 003 004 COS
CCS 007 008
C09 010 Oil 012
713 T14
J13 J14
013 014 015 016
017
oaa
099

(1T2) 124. What is your total, grase household income before taxes?

01 -54,999 or !•••
02 -55,000 to 59,999
03 -510,000 no 514,999
04 -515,000 to 519,999
05 -520,000 to 524,999
06 -525,000 to 529,999

07 -530,000 to 534,999
08 "535,000 to 539,999
09 -540,000 or more
88 • AIFUSED TO ANSWZJl
99 • DON'T KNOW

Now we have a set of questions to ask about (SUBJECT'S NAME)

17 PARTICIPANT IS 6 - 71 MONTHS 0? AGI, TK2N CO TO SECTION 200.

I? PARTICIPANT IS 6 - 14 YZARS OF AGE, GO TO SECTION 300

IF PARTICIPANT IS 15 YEARS OF AGE OR OLDER, GO TO SECTION 400
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200 CHILD QUESTIONNAIRE
AC! 6 - 71 MONTHS

HOUSE ID .

PERSON ZO

QUESTIONS ABOUT THE CHILD 6-71 MONTHS OLD (LZSS THAM 6 *EARS OLD) SHOVLD
BE ANSWTRED BY TKS PARENT OR LECXI. GUARDIAN OF THZ CHILD.

Child'* full l«gtl
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How I n«ed to a*fc * number of qu«>tioai About (CHILD'S NAXZ).

201. Who is insuring theie q--estisn»?
" ' Child's nether

> Child's father
3 » Child's grandparent
4 * Child's other relativ*
5 « other

202 How long hat (•ubj«cfs nam«) b««n living in this hom«?

Yt*rs Konthi
(014-015) . (016-117)

Ir LiSS THAN 90 DAYS, 03TAIM PREVIOUS A20XESS.

Addrtss: — ——————————_.___.___»__

203. What is (CHILD'S NAXZ) dat« oi birth?
(018-023, («0/OA/rR) / /

83 - REFUSED
59 • DON'T JWOW

204. Is (CHILD'S NAXS) a boy or girl?
(024) 1 » M»l«

2 • F«malt

205. Which of the following best describe* HIS/HXR racial
background?

(025) 1 • White
2 - Black
3 • Asian or Pacific Islander
4 » American Indian/Ala«ka native
8 « RXFOStO
9 - DON'T KMOW

206. Is this child Hispanic or of Spanish origin or descent?
(026) 1 • *••

2 - Mo
8 » RirUSID
9 - DON'T KNOW
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ir CHILD IESS THAN 3 rcAW OLD:
(027) 207. Does this child brsast fe< d?

1
NO
Hot applicable, over 3 ysars old
REFUSED
DON'T X.MOW

208. In the last 90 days, where does (CHILD'S MAKE) usually spend HI
tun* each 24 hour period? (approximate number of hour*)
(99 « DON'T KNOW)

Monday

Tuesday

Wednesday

Thursday

Triday

Saturday

Sunday

Babysitter
(outside
of home)

(oia-0291)

(038-029)

(048-049)

(058-059)

(668-069)

(078-079)

Day Care
(cocweccial
facility)

(030-031)

(040-041)

(056-651)

(060-dil)

(070-071)

(080-081)

Other
Location

(632-033)

(642-043)

(052-OS3)

(072-073)

(082-083)

Home

(034-035)

(044-045)

(054-055)

(064-065)

(074-075)

(084-085)

Total
<24 nrs)

(036<-C37

(046*047

(OS6-iC57

(066̂ 067

(076-1C77

(086-C37

(088-089) 1090-091)

209. How many hours, on average, doe* CHILD spend sleeping?
(098-099) (99 « DOM'T 1WOH)

210. How many hour* daring the day do you think (CHILD'S NA*£) usual!
spends playing on the floor when indoors in this home?

(100-101) Hours (99 • DON'T KNOW)

016



1102)

103-104)

:c«s ( C H I L D ' S NAXZ) play outdoori arsu.-.d t^e house cr L.-. t.-.e
-.eighborhood?

1 • Yea
2 « No (GO TO QUESTION 217)
9 » DON'T K.NCM (GO TO QUSSTICN 217)

212 IF YSS, then how p.any hours a day on
(CHILD'S NAHI) play outdoors?

average cces

Houri 99 DON'T KNOW

(1G5)

213. Where do«t
around th«
1 - Back yard
2 - Front yard
3 « Side yard

(•CHILD'S NXK2) usually play when
house? CIRCLE ONE

Other (specify)
DON'T KNOW

214.

(106-107)

21S.

(108)

216.

(109)

Where doe* (CHILD'S NAMZ) usually play outdoors (-- -.-.«
last 90 days) when he/she is not playing in your C--T. r.=.rt
yard? CIRCLE ONE

01
C2
03
04
OS
06
07
08
99

Neighbor's yard
Playground
Near or around creek or ditch
On or near tailing* or felag piles
On sidewalks or streets
Park
Only plays at home
Other (SPECIFY)
DON'T KNOW

's the ground where (CHILD'S MAKE) usually plays mai.-.ly
grassy, concrete/asphalt, plain dirt or soil, just a
sandbox, or some other stuff? CIRCLE ONE

Grassy
Concrete/asphalt
Dirt/soil
Sandbox
other (SPECIFY).
DON'T KNOW

Does (CHILD'S NAMI) often t*k« food, snacks, candy or a
boettle or pacifier with him/her outside to play?

1 • tes
2 • NO
9 • DON'T KKOW
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(110)
217.

118.

(112)

220.

•(113-114)

(US)

(116)

(117)

(118)

(119)

(120)

221.

222.

223.

224.

Are (CHILD'S KAMI) hands or fact usually washed before eati.ie'
1 - Yes *'
2 • No
9 . DON'T KNOW

Xr* (CHILD'S NAKE) hands or fftce usually washed before cc nd -3
1 • Yes
2 • No
9 • DON'T KNOW

Are (CHILD'S NAME) hands or face usually washed after playing w
dirt or s*nd?.

1 • Yts
2 • No
9-- DON'T KNOW

How many tim»«-is (CHILD'S NAME) bached or given a «hou«r?

__ P«r w««k (99 « DON'T KNOW)

Has (CHILD'S HAKE) used a pacifier in the last 6 month.?
1 • Yes
2 • No
9 • DON'T KNOW

Does (CHILD'S NAKZ) suck KXS/HXX thumb or fingers?
1 • Ye*
2 • No
9 • DON'T KNOW

Does (CHILD'S NAKI) chew on HIS/HI* fingernails?
1 • Yes
2 • No
9 • DON'T XMOW

Does (CHILD'S NAME) have a favorite blanket or toy?
1 - Yes
2 • NO (CO TO QUESTION 227)
9 » DON'T KNOW

22S. Do«s (CHILD'S NAME) carry this around during the e
1 » Yes
2 • No
9 • DON'T KNOW

22i Do«« (CHILD'S NAME) often put this in HIS/HZR aout
1 • Yes
2 • No
9 • DON'T KNOW
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(122

(123:

(124)

(125)

.u.a.-.y cr.;.Ldren put *c"€ "'ings ot.-.er t h a n f e e d .--z v.e — .-:
_. ysu say that ( C H I L D ' S N A M E ) :

1
2
2
4
9

228.
sill?

Does thii *
•Just once in a while
Almost r.ever
Never
DON'T K.NCW

ID'S NAMZ) put HIS/HIR rr.outh en furniture or en the

1
2
3
4
9

Cc«s this a lot
Just onct in * while
Almost

DON'T KNOW

229 Scr.eti.T.es children swallow things other than food. Would ycu stv
(CHILD'S NAME) swallows things other than food?

t.-.at

Does this a lot
Just once in a while
Almost nev«r
Never
DON'T K.VOW

( 1 2 6 )

If yes, specify items swallowed. .—-—————

230. 2ces (CHILD'S NAM!) ever put paint chips in HIS/KIR mouth?

1 » Does this a lot
2 » Just once in a while
3 * Almost never
4 « Never
9 - DON'T KHOW

231. Coes your household have a vegetable garden in your yard?

1 • Yes
2 - NO (CO TO 236)
9 - DON'T KMOW (CO TO 236)

Has soil been hauled in and placed on your garden?

1 • Yes
2 - No
9 • DON'T KNOW

IT Tt3, spiczrr raoM WKZMC?
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233.

f

How ofttn dot! (CHILD'S NAKE) t*t vtgtcablth grown i.n
your gardtn?

(127) 1 •
2 •
3 •
9 •

234.

ones * wtsk or mort
L«ss than onct ptr wttk
Ntvtr (CO TO 236)
DON'T KNOW (CO TO 236)

How often dots (CHILD'S NAMZ) tat Itafy gr*tn
vtgttaJDlts, (such as Itttuct or spinach) grown
your garden?

(128) Onct a wttk or more
Ltss than one* p«r

DON'T KNOW

23S.

(129)

(130)

(131)

(132)

How ofttn dot* (CHILD'S NAMZ) tat root vtgttabl
(such a* bttts or turnip* ) grown in your gairdtr.

1 • Onct a wttk or mort
2 • Ltn than onct ptr wttk
3 • Ntvtr
9 • DON'T KNOW

236. How ofttn do«t (CHILD'S NAXE) tat vtgttabltt grown tlstwhtrt in t.w.
local arta? (t.g. NZICHBOR'S GMDEM OK LOCAL FATHERS KAWCIT)

1 • Onct a wttk or mort
2 • Ltss than onct ptr wttk
3 • Ntvtr (CO TO 239)
9 • DON'T KNOW (GO TO 239)

237. How ofttn dots ht/fht tat Itafy grttn vtgttablts, (r.
a* Itttuct or spinach) grown tlstwhtrt in tht art*?

1 • Onct a wttk or mort
2 • Ltss than onct ptr wttk
3 • Ntvtr
9 • DON'T KNOW

238. How »n dots ht/sht tat root vtgttablts, (such as t
or tur.-.ips) grown tlstwhtrt in tht arta?

1 • Onct a wttk or mor«
2 • Ltss than onct ptr wttk
3 - Ntvtr
9 • DOM'T KNOW
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233. Has S'J3-*SC7 «v.r w€€n -rttctd wisJi tradj
•133) 1 • *••

2 • Mo
g . OOH'T KNOW

I? YIS, WMa- «»• tht ir.tdicir.* called?

: This ccnpltc«« t>.« qu*«:ior.nair*. Do you have any qu«»tion» or
about ic?

you for your ti.T.
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PEJISCK 13

YOUNG PEWOM
ACtS 6 - 1 4 OLD

PTRSON 10

„

Child's full/l«gal nun*
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(COS-C12) PZSSC.1 13 -

I =««d to a*k • auabtr of questions about (CHILD'S XAXZ).

3C1. who is answering t.w.t«e questions?
(013) 1 child'• r.other

2 child'• father
child's grandparent
child's other relative
Other

302. How long has (SUBJZCT'S' NAXZ) b««n living in this hom«?

Ytari Months J
(014-013) (016-017)

IT 1SSS 7HXM 90 DAYS, OaTAIX ?R£VIOUS ADOJIESS (12 MONTH PSRIOO)

1C3 what is (CHILD'S NAXE) dat« of birth?
(018-023, (MO/DA/XR) / /

SNTSR 88 FOR RIFUStD
INTSR 99 FOR DOM'T KNOW

304. Is (N>.MX) a boy or ?irl?
(024) 1 « Malt

2 * Ftmal*

305. Whic^ ci the following b««t describe* HIS/HER racial background?
(025) 1 whitt

Black
Asian or Pacific Islandtr
American Indian/Alaska native
REFDSEO
DOM'T WJOW

306. Is he/she Hispanic or of Spanish origin or descent?
(026) 1 « Yes

2 - MO
a • Rzrosio
9 • DOM'T KNOW
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(027-C29
•>07. What i« high««t y«ar of «ducation (CHILD'S MWlZ) hat

(circl« ont)
NO Schooling 000
£l«o«ntary School 001 002 003 CC4 CCS

006 007 008
High School (CEO • 012) 009 010 Oil 012
REFUSED TO ANSWER C88
DON'T KNOW 099

IF CHIL IS 12 YEARS OR OLDER ASK 308 ON SMOKING, OTHERWISE, CO TO 309

308- Oo«« (CHILD'S NAHE) tnok* or u«« tobacco products?

(030) ' 1 • *••
2 • No (CO TO 309)
8 • REFUSED (GO TO 309)
•9 • DON'T KNOW (CO TO 309)

Do«i h«/ih« smokc/ul* TOBACCO PRODUCT?
(Circle responses)

(031) a. Cigarattts 1

(034) b. Cigars 1

(037) c. Pip«i 1

(040) d. Smok*l**f
tobacco

2

2

2

NO Don't IT YES, HOW MANY:
know

9 __ Cigar«tt«« p«r day, tot
(032-033) (1 pack-20)

9 __ __ Cigars p«r day, tot-al
(035-036)

9 __ Pip* bowls p«r day, to-
(038-039)

__ ___ Tim«s p«r day, total
(041-042)
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3Q9.

Monday

Wednesday

Thursday

Saturday

Sunday

in the last 90 days, «r.«re doei (C:-::i;-s s>--Z) uiuaLLv s?e-i
tire each 24 hour period? (approximate -ur.se r cf hours)
(99 » DCN'T KNOW)

school 9AbysL%£tr C»y Cart ether
(outsidt {ccc.-strcial Iscatisr.

Hcce

of hcm«)
[24 h;

acility)
_ _ _ _ _

(045-046) (047-048) (C49-OSO) (051-052) (:53-CS4)

(io?-io3)

(OST-OS3) (059-060) (061-062) (063-C64) (C65-:a6)

(071-072) (OTJ-074) (075-076) (077-073)

(075-080) (081-082) • (083-084) (OS5-C36) (C87-038) (039-C50)

(C31-092) '(09̂ -094) (095-096) (C97-098) (099-100) (10102)

(103-104) (105-106) (107-108) (105-110) (111-112) (113-114)

(115-120) (121-122) (123-124) (1

(127)

(123)

3-0 Kow rr.any houri * day de«§ (CHILS'S NX.MS) f?«nd
__ (99 • DON'T l

311. D=«s (CHILD'S NAX2) play or tp«nd tia« outdoor* around th«
nous* or in th« neighborhood?

1 * Yes
2 » No (CO TO QOZSTIOM 317)
9 » DON'T KNOW (GO TO QUISTION 317)

(129-130)

312. If yet, then how rcany hours a day on the
average does (CHILD'S NXKE) play or spend tiae
outdoors?

Hours 99 • DON'T KNOW
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PERSON 13

313. Where does (CHILD'S NWaj usually play when
outdoors around the house?

(131) 1 • Back yard
2 • Front yard
3 • Sid* yard

7 • Other (specify)
9 « DON'T KNOW

314.

(132-133)

315.

(134)

Whtrt does (CHILD'S NAXE) usually play
outdoors (in the last 90 days) when he/she is
not playing in your own horn* yard?

01
02
03
04
OS
06
07
08
99

Neighbor's yard
Playground
Near or around creek or ditch
On or near tailings or slag piles
On sidewalks or streets
Park
Only plays at home
oth«r
DON'T KNOW

Is ths ground where (CHILD'S HWiZ) usually
plays mainly grassy, concrete/asphalt, plain
dirt or soil, just a sandbox, or some other
stuff?

Grassy
Concrete/asphalt
Dirt/soil
Sandbox
other
DON'T KNOW

(135)

316. Dees (CHILD'S NAKX) often take food or a drinfc
with him/her outside to play?

1 • Yes
2 • No
9 • DON'T KNOW
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125]

(137)

(133)

(139)

(140)

317.

320.

(NAMS) usually wasr. HIS/:-:** .-.i.-.ij c- •*-« -e'--«
......

2 » No
9 » SON'T X*CW

:=*$ (NA.KI) usually wash HIS/KSa .k.a.-.d* or «ac« ttisr* ,- ---- .-
' '$lt«p?

2 - SO
9 - DON'T K.NOW

w»sh HIS/HSR har.ii or f
ith di— a: «and?

»«»tr

2 » No
9 » DON'T KNOW

(NAM2) sue* HIS/KiR thufflb or fir

1 * Yts
2 • NO
9 • DON'T KNOW

321. Dc*s (CHILD'S XAM2) ch*w on HIS/K2R fing*rn»il*?

1 « Ye*
2 * No
9 » DON'T KNOW

(1*1)

(142}

322. Does (CHILD'S NAXZ) put thing* other than food in HIS/K23
cr.cuth?

323.

: - NO
3 - DON'T KNOW

It *SS, SPICI7Y

ir.t* children swallow thing* other than food. Would you
say that (CHILD'S NAME) swallow* thing* other than food:

Do«* this a lot
Ju*t one* in a whil*
Aloo*t n*v*r

DOM'T KNOW

zr YXS, sptcirt -

027



32*.

(143)

Does your household have t vegetable garden in your y»rd?

1 « *es
2 - No (CO TO 329)
9 • DON'T KNOW (CO TO 329)

(145)

325. Hit coil been hauled in and placed on your garden?

1 • Yes
2 • NO
9 • DON'T KNOW

IF YTS, SPECIFY FROM WHERZ?

326. How often does (CHILD'S NAXZ) *»t v«g«t*bl«« grown in
your garden?

1 • . One* a w*«k or nor*
. 2 • L«tt than one* p«r w««k

3 » N«v«r (CO TO 329)
9 • DON'T KNOW (CO TO 329)

(146)

(147)

327. How often <±o«« (CHILD'S NAKX) eat leafy gr
vegetables, (such ae lettuce or epinaeh) grown
your garden?

1 • Once a week or raore
2 • Let* than once p«r week
3 • Never
9 • CON'T KNOW

22ft. How often does (CHILD'S NAXT) eat root.
vegetables, (such as beets tr turnips) grown '
your garden?

1 • Once a week or raore
2 • Less than once per week
3 • Never
9 » DON'T KNOW
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29 Hew sf-en dcef (CHILD'S NAXT) tat vegetables gr=wn cliewrere ..-.
Iccal are*? (e.g. NEIGHBOR'S GAADEN CR LSCXL FAAKIRS

(1*8)
1 » • Cr.ct a week or more
2 » !«•• t^»n or.e« ?«r w««lc
J » S«v«r (CO TO 332)
9 « :CN'T K.XCW (GO 70 322)

How often does he/she eat leafy green -, .., v
as lettuce or spinach) grown elsewhere in the area?

(149)
1 » Once a week or more
2 - Less than once per week
3 « Nevtr
9 « • DON'T X.NOW

331. Hew often dees he/she eat root vegetables, (such as
teets or turni?*) grown elsewhere in the area?

(ISC)
1 * Once a week or more
2 • Lees than one* per week
3 » Never
9 » CON'T KNOW

332. Has SU3JICT tvtr bttn trtattd with traditional, folk or htrbal
r-.tdieaticr.s?

(151) 1 * Vt»
2 - No
9 « DO.VT KNO«

I: YIS, What wa» tht tr.tdicint calltd?
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Mv last questions »re about (CHILD'S NAhT'S) activities.

333. in the last 90 day, has (CHILD'S NAffl) participated in any
following activities? (Circle all that apply.)

of t^t

NO

(152)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

(165)

It

a.

b.

c.

d.

••

f .

9-

h.

i.

j.

k.

1.

m.

n.

Painted picturee with artists paints?
(not children's painti)

Painted, stained or rtfinished
furniture?

Painted the inside or outside of a
home or building?

Worked with stained glass?

Cast lead into fishing sinkers,
bullets or anything else?

Worked with soldering in electronics?

worked on soldering pipes
or sheets of metal?

Repaired auto radiators?

Worked on auto bodies or auto
maintenance?

Made pottery?

Ridden a dirt bike, mountain bike,
or ATV in the local area?

Welded?

Visited indoor fire ana target ranges?

Cleaned or repaired firearms

This completes the questionnaire. Do you have 'any
about it?

1

1

1

1

1

1

1

1

1

1

1

1

1

1

questions

2

2

2

2

2

2

2

2

2

2

2

2

2

2

or co;

Thank you for your time.

C-30



TIINAGE AXO ACULT QUESTIONNAIRI
AGZS 15 - 44 YI

C-ISTICNS A B O U T THE reuse AOULT AGED is-is MUST BE ANSWZREQ W I T H TXS PAAIN
CUAJOIAN ?R£SINT.

400. QUESTIONS FOR SELECTSO PERSON ACE 15 - 44.

HOUSE ID

PE3SCN 13 -

Wh»t if your full/lt<;*l n«.-«?
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(001-004)

(005-012)

40,

HOUSE ID

PERSON ID

(014)

WHO IS ANSWERING THESE QUESTIONS?

2 subject's mother
3 subject's father
4 subject's grandparent
5 subject's other relative
6 Other

401a. IF SELF IS ANSWERING, IS AJfY OTHER FAMILY KEMHER
PRESENT?

1 • y«s
2 » no

402. How long have you (SUBJECT'S NAKZ) been living in this home?

rears Months
(015-016) (017-118)

IF LESS THAW 90 DAYS, OBTAIN PREVIOUS ADDRESS.

Address: —————————._..

403. what is the your date of birth? / /
(CO 9-074) (MONTH / DAT / YSAR)"

ENTER 88 • RZFUSED
ENTER 99 • DON'T KNOW

404 SUBJECT'S GENDER
(ct.cle one)

(025, 1 • Male 2 » Female

40S.
(02ft;

406.
(027.

What is your race or ethnic group? (READ THE LIST)
1
2
3
4
8
9

White
Black
Asian or Pacific Islander
American Indian/Alaska native
REFUSED
DON'T KNOW

Are you Hispanic or of Spanish origin or descent?
1 » Yes
2 - No
8 • REFUSED
9 • DON'T KNOW
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So Schooling
Sliir..neary School

Hic.h School (CS3 » 012)
7«cnnical or Trad* School
Junior or Conwunity Coll«q«
Four y^BJollt^t or Univ.ttJ.ey

School (or higf.tr)
0

T K.NCW

(c;,rcl. on.)
ceo
001 002 003 C04 005
CCS C07 008
009 010 Oil 012
713 714
J13 J14
013 014 01$ 016
017
038
099
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PE3LSCN 13

TOBACCO/ALCOHOL

The next questions concern tobacco and Alcohol consumption.

40t. Are you exposed to people smoking at your workplace i.n your irr
work area?

1 • yes
2 • no
s • KxrusiD TO AWSWM
9 • DON'T W»OW

.09. Have you smoked at least 100 eigarettts during your «ntir« \;t*

(032)

(033)

(034-036)

(037-038)

(039-040)

(041-042)

(1 PACX
1
2

20 CXCAXXTTZS)

no (CO TO QUISTIOH 410)
UnSCO TO AWSWtR
DON'T XKOW

409.1 Do you imok* cigartttct now?
1 • y«» (CO TO QOISTION 409.1.1)
2 • no (CO TO QUXSTZON 409.2)
a • urusxo TO AJUVXX <co TO 409.2)
9 • DON'T WOW

409.1.1 On th« tvtrigt, how m*ny ci<j»r«ct«« a
you now «nok«?
___ (NOW CO TO QUMTZOM 409.3)

409.2 now long ha» it b««n sine* you iraokcd eigarcttis?

00 • under 1 y«ar
81 • refused
99 • DON'T XWOW

409.3 in the »ver«ge of the entire tiae you smoked, n-.au
cigarettes did you saoke p«r day?

__ _ cigarette* per day
88 » HZ7USIO
99 • DON'T XNOH

409.4 About how old were you when you first started smok
cigarettes regularly?

__ — . year* old
88 • MTTJSIO
99 • DON'T IWOW

409. S For how many years HI*I YOO/HAVX YOU BXZN a smdker
including the time you may have stayed off cigalrac

88 •
99 • DON'T KHOW
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(C45!

0 4 6 !

( C 4 7 - C 4 8 )

(049-050)

(051-052)

(053 -054)

410. during your €.-.:;.;••

CI3AJS

Have you •moked at l«ast 50
1 • yes
2 . no (CO TO QUESTION 411)
a « P.SFUSZD TO
9 . = C N ' T K.NOW

410.1 Co you imoke cigars ROW?
1 • yes
2 -no (CO TO QUESTION 410.2)
8 - RirUSEO. TO AKSVia (GO TO 4 1C. 2)
9 - DON'T KNOW

413.1.1 On th« »v«r»9«, how many eiears 4
do you now scnolt*?

__ (HOW CO- TO QUESTION 410.3)

410.2 How long ha* it b««n sine* you tmoktd

CO « under 1 y«*r
aa • MFOSZO
99 • DON'T XMOW

410.3 On th« »v«rig« of th« tntir* tia« you traoic«d. how tr.».-.y
cigar* did you tmekt p«c w««k?
__ cigar • p«r wttk
aa • urusco
99 " DON'T WOW

410.4 Atoout how old w«rt you wh«n you first §tart«d sr.okir.g
cigars rtgularlyT
__ y«ari old
aa • urusto
99 • DON'T KNOW

(055-056,

410.S For how many years wtU ^OU/HAVT YOU BUN a cigar
smoker, not including the tine you aay have stayed ci:
cigars?
— — years
•• • unsio
9* • DON'T KNOW

COS



PERSON 13

(OS7)

(058)

(059-060)

411. Have you iraoked it least 50 pipes during your tr.tirt li
1 • yes
2 « no (CO TO QUISTION 412)
8 - RinJSID TO AWSWW
9 • DON'T W»OW

411.1 Do you saoke pipes now?
1 • yes (CO TO QUESTION 411.1.1)
2 • no (CO TO QCtSTIOM 411.2)
8 • UruSfO TO AWSWIR (CO TO 411.2)
9 • DON'T KNOW

411.1.1 On th« average, how many pip«f do you r.«w
•aok« p«r

__ (NOW CO TO QtftSTION 411.3)

(061-062)

(063-064)

(065-066)

411.2 How long has it been since you smoked pipes?

00 • undtr 1 y«ar
si • urusxo
99 • DON'T KNOW

411.3 On tht awrag* of tht «ntir* tirn* you tmoictd,
pip«« did you look* p«r w««k?

_ - pip«« p«c w««k
88 • UFUSID
9f • DON'T RIOW

411.4 About how old w«r« you wh*n you first itirttd
pipes regularly?

_._ _ years old
88 • RinJStD
99 • DON'T KKOW

(067-068)

411. S for how many years Vt*X YOO/HAVt YOU BEEN a p-.p« «
not including the tiae you may have stayed off pi?
_ — y««r»
88 • MFOSCO
99 • DON'T KNOW
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C69)

[071-072)

(073-074)

(075-076)

.2. Hav* you used s~«w»-n9 tssacco »t least 23 ar -c-e ti
your entire li.'e?you
1 * ye§
2 » no (co :o
a » RS7CS13 TO
9 • DON'T KNOW

412.1 2o you chew tobacco r.ow?
1 • yt§
2 • no (GO TO QCtSTIOM 4 1 2 . 2 )

8 • BJFUSZD TO AwNSWtA (CO .70 4 1 2 . 2 )
9 • DON'T K*OM

412.1.1 On th« tvtraqa, how many plugs, vw
pouch*! do you ch«w a w««*?
__ (NOW GO TO QUESTION 412.3)

412.2 How long ha» i.c b««n «i.-ic« you chtw«d zs

CO » under 1 year
aa • nsrjsso
99 » DON'T KNOW

412.3 Cn the average of the entire tine you chewed tcbaccs,
how many plugs/twists/or pouchee did you chew a "•-*

aT
99

-
XXfUSIO
DON'T KNOW

(077-073)

(079-080)

412.4 Xbcut how old w«rt you whtn you fine icarrtd cr.twir.;
t=tacca rtgularly?

_, „ years old
88 » ̂ irUSEO
99 « DON'T KNOW

412.5 For how many y«ars RAVI YOU/DID YOU chaw tobacco, r.ct
including th« tia« you may have stayed off chiving
tobacco?
. __ years

at » urusto
99 • DON'T KNOW



(081)

(C82;

(083-084)

(085-036)

413. Hav* you used snuff »t l**st 20 or mor* tis«i tf
tntir* lift?

u-i f te ye

2 • no (GO TO QUESTION 414)
8 • RirUSED TO AWSWER
9 • DON'T JWOW

413.1 Do you us* srtuff new?
1 • y*f (CO TO QUESTION 413.1.1) "
2 • no (CO TO QUESTION 4 1 3 . 2 )

8 • REFUSED TO XNSWIR (CO TO 4 1 3 . 2 )
9 • DON'T JWOW

413.1.1 On th* »v«r»<;«, how rrany r
ot snuff do you u«» * wt«k

__ (NOW CO TO QUESTION 413.3)

413.2 How long has it b*«n sine* you ustd

00
88
99

under 1 year
RIFUSID
DON'T KNOW

(087-088)

413.3 On th* avtrag* of th« cntir* rim* you u««d «n-_f
how many cans/tins/or poucncs did you us* a. --«e

_ , p«r
88 • UFTJSZD
99 • DON'T KNOW

(089-090)

413.4 About how old w*r* you when you first start*
snuff rtgularly?
__ ^ years old
88 • RinJSIO
99 • DON'T KNOW

(091-092)

413.5 For bow many y*ars KAVE YOU/DID YOU us* snui f f ,
including th* tin* you may have stay*d off snu
— — y«»*»
81 • RXrOSED
99 • DON'T KNOW
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How I havt * '-

414.
( C 9 3 )

( C 3 4 ;

( C 9 5 - C 3 6 )

(C97 -OS8)

ALCCHOL

c;-«itiOn« on »leohol consumption.

aid you «vtr drink Alcoholic btvtragts?
1 « Yt§
2 - No (CO TO CUTS7ICN 415)
8 « R1FUSSO
9 • SON'T K.VOW

-iU.l "10 you prtf«ntly drink rlcoholic b
1 > Yt f f (CO TO QUtSTICM 414. L. 2)
2 » No
8 » RSFUStO TO XWSWIR (GO TO'QOISTIOK 41S)
9 • DON'T KHOW (CO TO QUISTION 415)

414.1.1 How old w«r« you when you quit?

(C99-1CO)

88
99

5xnsio TO
DOM'T XWOW

414.1.7 How old w«r« you whan you b«9»n drinking
b«v«c •<;••?

a8"»"wrusto TO AHSWZ*
99 • DON'T KWOH

414.1.3 On th« *v«cac«, how many drinks a w««k do you hav«?
(1 DRXNX • 1 BZIft, 1 SHOT LIQUOR OR HOONSXZNX, 1
CLASS UXNI OR MIHI COOLTR)

88~»"71nJStO TO
99 • DON'T KWOW
LZSS THAN l/w««k 00
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415. Now i would U*« to know wh«rt
i ichool, home, work, or

(»PI

-̂
Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Jroxiaatt numr

School

(1(31-152)

(111-112)

(121-122)

(Ul-132)

(141-142)

(151-152)

(141-1*2)

>«r of hours;

work

(163-104)

(113-114)

(123-1*4)

(133-134)

(143-144)

(153-154)

(163-164)

" • DOM'T

Other
Location

(105-1̂ 6)

(V15-1T6)

(125-rj6)

(135-136)

(I4i-l4'6)

(155-156)

(14J-146)

wow)

Home

TT7TTI78)

(117-118)

(Ii7-ii8)

(137-138)

(147-148)

(157-158)

(147-1&8)

-••- ^««c

Tfl»« 1• w ̂ A 4

(24nr)

TTT̂ rTTo,

U13-120)

(iis-iio)

TTJT̂ TTo)

1149-150)

(159-150)

(1*9-170)
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-ext st-. =f ques

relat"

t J.CRS are aacut ar.i you **y .-.»•/..

. USt 90 days have you worked at & niner or in a sinir.?
ld * --

2 » *0 (CO TO 423)
9 . CCN'T K.NOW (CO TO 423)

( 1 - 2 )
( 1 7 3 )
( 1 7 4 )
( 1 7 5 )

( 1 7 6 )
. i • * \
( ! ' ' )
(178)

(179)
(130)
(181)
(182)
(183)
(184)
(185)
(186)

417. wWtyp. of mia« work did you do in
(Circ le all that apply.)

i . underground
3'. Surface
c. Hilling
d. • Transportation/

handling
t. clerical/Adrtin.
i . Smelter
c. ether» •

T» QTsm. so«cify:»» w • •*•»•* t »^— « M^

413 wf»t --•/•=« of nine did you work ia t
' (Circle" all that apply.) ^

a. L«»d 1

h line l
A • m ••-•—

e. Silver *
d. Holybdeaua 1
e. coal l

* '. Liaeston* 1
5. Clay 1
h. Other x

«— /^— vra coTCTTY:If O*hiR» ar-wi**-

419. w-at i* the nas-.e of the pl»c« «h«

420. HOW lcr.g h~. you worked (did you
tr.cr.ths?

ttar, Hen*h«- - *••*• Try*— 1*017i87rri8) (iif-iw)
421. co (did) y«« eh«g« out o« your «

work? . _ «i^.«.

the last *u <s«ysr

Yes ' MO :cN-r K.VOW
1 2 9
• ^ A1 2 9
1 - 2 9

1 2 9
1 2 9
• i a1 2 9
. • A
1 1 ifA * "

h* last 90 days?

No Don't know
& 9
1
1
2
2
2

2

• you work <h«v« worked)?

work) ther«, in y.ars and

ork cloth** »nd !•»*• *n«« «

(191)

(192)

2 •
3 • Never
9 . OOM't ««0»»

422
work b.tor. co.in,
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423, In tht last 90 days, have you done 4ny Of the
following activities? (Circlt til tB4t t??iy)

(193) '*•»•'

(194)

(195)

(196)

(197)

(198)

(199)

(200)

(201)

(202)

(203)

(204)

(205)

(206)

(207)

(208)

(20»)Sh[

(210)g|

(211)

(212)

(213)

»214)

a.

b.

c.

d.

,.

f.

g-

h.

i.

j-

k.

1.

m.

n.

o.

P*

«.•
r.

s.

t.

u .

V.

painted picture* with artists
paints? (not children* s paints)

Painted, stained or refinished
furniture?

Painted the inside or outside of
a home or building?

Worked with stained glass?

cast lead into fishing sinkers,
bullets or anything else?

worked with soldering in
electronics?

worked on soldering pipes
or sheets of metal?

Repaired radiators?

worked on auto bodies or
auto maintenance?

worked at a sewage treatment
plant?

Hade pottery?

Ridden a dirt bike, mountain bike,
or ATV in the local area?

welding?

visited indoor firearm
target rangee?

Cleaned or repaired firearms?

wire or cable cutting
or splicing?

Casting or smelting lead?

Plastics manufacture?

Battery manufacture?

?ipe machining?

Electroplating with lead
solutions?

Refining gasoline?

Yss

1

1

1

1

1

1

1

1

1

1

>
1

1

1

1

1

1

1

1

1

1

1

No

2

2

2

2

2

2

1

2

2

2

2

2

2

2

2

'2

2

2

2

2

2

2

Don't
Ic-.cw

9

9

9

9

9

9

2

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9
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,2151 "{215) .

( 2 1 S ) x. Rubb.r sanufac-.ur.J 1 2 9

( 2 : 7 ) "S£y« Scrap m.tal rtcovtry? 1 2 9

si. eth«r l«ad r«Uctd job
("8) cr

z2. 0^h«r eadaiun c«lae«d job
' cc- activity

».v. you don. any of ch. folio-ing ac-.iviti.. in th. la.t

-wr.*!i? Y«s No

». Painttd a heus* or building ^ 2
(223) ;-»id« or out? i 2
(221) b. ;;tnt.d or r.fini,h.d furn.tur.7 1

C-43



425.

A.
b.
c.

OCCUPATIONS
Now 1>d lilt* to «*k »bout your two most r*c*nt jobs,
(Un*mploy«d or r*tir*d or hous*wif* should b* tnccrtd «• « ]0b.

What cyp« of industry it/wn this?
t is/was your 306 titlt 4nd 4 dtteripcion of what you do?
did you work th«r«7

t. "TTPE OF INDUSTRt b. TITlt 6
DESCRI?::OH C. TIMS

ro

425.1

425.2

713̂ 241}-

/

(230-233)

(246-249)

(234-237

(250-J53;

(254-257) 426. what is th« job titl* you h»v« had moit of th« tun* you
have worked in th« last 90 days?

(253-261) 427. what is tit* job titl* you hav« had most of th« tun* you
hav« worked in th* last y*ar?

C-44



oe« ycur J-.ousehold h*v« » gardtn in you
(VEGETABLE OR

( 2 5 2 ) 1 « **•
2 . NO (CO TO 4 3 4 )
9 • D O N ' T KNOW (GO TO 434)

(253)

(254)

(265)

429. I? YES, Do you frec^jently till, plant or wo
yourself?

1 • Yes
2 • NO
9 • DON'T XWOH

430. Has soil been hauled in and placed on your

1 • Yes
2 » No
9 • DON'T KNOW
IT HS, Specify from where

t>.» -ariert

How ofren io you «*t vcgttablts grown in your cardan?

1 • Onct a w««k or mert
2 • L«fi Chan one* p«r w««k
3 • .V«v«r {CO TO 434)
9 • DON'T KNOW (CO TO 434)

(256]

(267)

432. How often do you «at leafy green vegetables,
(such as lettuce or spinach) grown in your
garden?

1 • Once a week or sore
2 • Less than once per week
3 - Never
9 • DON'T XKOW

433. How often do you eat root vegetables, (such as
beets or turnips) grown in your garden)

1 • One* a week or nore
2 « Less than once per week
3 • Never
• • DON'T KNOW
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CN 13

4 3 4 ,

(268)

( 2 6 9 )

(270)

How often do you eat vegetaMa* grovn elfewhcr* in th* local «-**
(*.g. NEIGHBOR'S GMWEN OR LOCAL FAMiZX'S MAWCET)

1 • Onct a w««)t or sort
2 • Laaa than one* per week
3 • Never (CO TO 437)
9 • DON'T KNOW (CO TO 437)

435. How often do you eat leafy green v«9«caJ9l«t, (iuc^ ai
lattue* or •pi.nach) grown vlicwhcrt in the tr«t?

1
2
3
9 • DON'T KNOW

436. How often do you tat root v«g«tafel«c. ( iuch &•
turnip*) grown «la«wh«r« in tha ar«a7

1 • One* a w««k or aora
2 • La as than one* p«r w**k
3 • N*v*r
9 • DON'T

Onet a w««k or reoc*
Lass than one* p«c

437. Hav* you *v*r b**n traatad with traditional, folk, or harbal
medications?

(271) 1 • Yea
2 • No
9 • DON'T KHOW

IT YES, Wh4t wa* tha aadieine called?



r ;I*SCN 13

.H£N: CO TO £SO

FOR WCM2M CNr.*:

Now : >.4vt a equ£lt q-jttticr.t or. prig.-.ar.cy ar.d birth central p i l l t . :
t^«t« e-j«stiCfg|i|f«c»uit th«y can aJ f tc t tht rttuitt of t.-.« b 'ood ••••••• •" ̂  ^̂ ^̂ ^̂  t ~ ^ * t V M * W « « ^ « * V V ^ 9

§ub]«ct)

( 2 7 2
U3. Art you ?rt?n

res (CO TO £NO)
NO
Not

CCM'T K.NOW

439. Art you taki.-.e, birth control pills?
(273) 1

No
tpplisailt (»»!• iubjtct or 438

CCN'? K.MOW

INO:

This eonpl»t«i tht qu«ttionn»ir«.
about it?

Do you hav« any c;j«§tion« or

Thank you for your tiow.
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SECTION .1

EXECUTIVE SUMMARY

1.1 BACKGROUND

The Agency for Toxic Substances and Disease Registry (ATSDR) developed a
multisile approach to examine the interdependence between environmental
contaminant sources, human behavior, and socioeconomic factors that may influence
blood lead levels in susceptible populations.

Three sites on the National Priority List (NPL) came to the attention of ATSOR
as areas where residents require additional health evaluations. Lead and cadmium
are the contaminants of specific concern. The NPL's sites included in this study are
(1) Joplin, Jasper County, Missouri; (2) Cherokee County Subsrte in Galena, Kansas;
and (3) NL Industries/Taracorp Site in Granite City, Madison County, Illinois. The
primary media and route for potential exposure at each of these sites are high soil
concentrations of lead and cadmium.

Health officials in each of the three states representeo agreed to participate in
conducting exposure studies to assess the degree to which residents were being
exposed. The similarity in study design for the three sites made it feasible to include
the individual studies in a larger multisite study approach. During the months of
November 1990 through March 1991, ATSOR met with representatives and officials
from the three State Departments of Health who agreed to participate in the Multistate
Study,

ECT1VES

_ JTSDR, through Contract No. 205-90-0839, assigned Midwest Research
Institute (MRI) the responsibility to provide laboratory services and support the
collection of biological-data for the Multistate Study. MRI's objectives for the project
were:

• To collect, process, store, and transport blood and urine specimens fror
study participants to the Centers for Disease Control/Center for
Environmental Health and Injury Control (CDC/CEHIC) for analysis for
lead, cadmium, free erythrocyte protoporphyrin (FEP), alanine-amino

UflMMVTBOM
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r.
pectidase (AAP), gamma-glutamyltransterase (GGT), /v-acetyl (3-
glucosamindase (NAGA), creatinine, and several immunolcgical
indicators.

To provide analysis services for routine blood and urine tests, using Iccal
hospitals and Roche Biomedical Laboratories (Roche) in Kansas City,
Missouri.

To implement a' Quality Assurance/Quality Control (QA/QC) program to
assess the quality of the data from the routine blood and urine tests and
to provide comprehensive and traceable data to ATSOR.

1.3 SUMMARY OF RESULTS

MRI supplied qualified personnel to collect blood and urine specimens from
1,705 study participants at the three study sites and to process, store, and transport
the specimens for the analytical tests shown in Tables 1 and 2. The sites, number of
participants, and dates of collection were as follows:

Site Number of participants Dates of collection

Joplin, Missouri 701 July 16-August 27, 1991

Galena, Kansas 163 September 10-30, 1991

Granite City, Illinois 841 August 22-September 20, 1991

Summaries of the number of specimens collected for specific tests are shown in
Tables 3 and 4. Control and replicate specimens were generated at tht rates of 15%
and 10%, respectively, of the number of participants for the routine blood and urine
tests shown in Table 4. Table 5 is a summary of the number of specimens generated
for each QA/QC specimen type.

1.4 ORGANOgrCN OF REPORT

* The retiHnter of this report provides detail on project organization (Section 2);
preliminary activities (Section 3); collection, processing, storage, and transport of
specimens (Section 4); analysis activities (Section 5); and collection, analysis, and QC
results (Section 6). The Appendices contain the CDC/CEHIC laboratory protocol.
examples of documentation forms, and detailed collection results and- QC data for the
control and replicate specimens.
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Table 1. BLOOD SPECIMEN COLLECTION

Blood tests

Lead*

Cadmium'

FEP"

CBCe

Immunoglobulin"

Diomedical tests*

Immune panel*

Collection^
••fcl«A ftbtftfhdfc * i"IUDO lypfr <

EDTA

EDTA

EDTA

EDTA

Red top

Red top

Heparinized .

fill
;«rW?r^*-

b

b

b

1

d

d

1

' Volume^
< required

0.5 mL

0.5 mL

0.5 mL

1 mL

—

3mL

1.5 mL

t Sp0C||M t|9ftdf|H9 i

4«C

4«C

4*C

8h/onice

Freeze

4-C

Control room temp.

•̂ ^^^nflnJl̂ rtr̂ "̂ ^

OvemighVbatch

Overnight/batch

Overnight/batch

LocatfdaNy
^ « « «» « «-Ovemlgnl/t>atcn

Overnight/batch

Overnight/dally

Total volume 7.0 mL

' Analysis by CDC/CEHIC.
b One tube was used to collect the blood for Pb. Cd, and FEP.
e Analysis by local hospital laboratories. .I**L«JI»
* (fae tubo was used to collect the blood for the IgG and biomedical tests. £2S
* /Walysis by Roche Biomedical Laboratories. îpllr

Noles:
A. Tests listed by priority for collection and analysis.
B. Syringe and butterfly/vacutalner apparatus was used to collect specimens from children ages 6 mo

through 6 yr old.
C The immunoglobulin test was performed from a 0.5-mL aliquot of the serum collected for the

biomedical tests.



Table 2. URINE SPECIMEN COLLECTION

AnalyttJ^-14

Cadmium*

GGT/AAP4

NAGA*

Creatinine*

Urinalysis*

%Sp«dmeri;fv

On-site void

On- site void

On-site void

On-site void

On-site void

WMIS

10 mL

10 mL

5mL

5mL

5mL

• k- W'-v î ' :<;-.':v>JL*:''>vrf>.'')j5iJ:.'.̂ -: ,'.

;̂Pr«p«rilloî ;-:-

HNO,

Glycerol

No preservative

No preservative

No preservative

• Frozen immediately (-20°C%,, stored, and shipped with dry ice
overnight. Analysis by COC/CEHIC.

6 Stored at 4"C. Analysis by local hospital laboratories.
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SECTION 2 .

PROJECT ORGANIZATION

Midwest Research Institute (MRI) worked with ATSDR and the Principal
Investigators (Pis) from each of the states to plan, coordinate, and conduct the
Muttistate Study. The overall project organization is shown in Figure 1.

As cited previously, MRI's responsibilities included collecting, processing,
storing, and transporting blood and urine specimens to the various laboratories for
specific chemical and biomedteal analyses, implementing a QA/QC program that was
initiated at the collection site, and providing comprehensive and traceable data to
ATSDR.

Specific activities performed by MRI to achieve the objectives of the Muitistate
Study included:

• Providing qualified personnel to work at each study site to collect,
process, store, and transport blood and urine specimens as specified in
the Revised Work Plan. Phlebotomists and lab staff were recruited near
the study sites to perform this work.

• Contracting with Roche Biomedical Laboratories (Roche) to perform the
blood chemistry panel specified in the Revised Work Plan.

• Contracting with a hospital laboratory near each site to perform complete
blood counts (CSC) and routine urinalyses (UA) for all specimens.

Coordinating all collection activities with the Missouri, Kansas, and Illinois
Departments of Health Principal Investigators (Pis).

Applying QA/QC procedures to maintain specimen integrity, and
providing control specimens and replicate analyses as required.

Providing appropriate documentation to track all specimens (using a
unique ID number) through collection, processing, storage, and transport.

Transporting all specimens to CDC/CEHIC, Roche, and local hospital
laboratories for analysis under specified storage conditions.

D-8



ATSDR

MR!

Collection,
Processing, Storage,

and Transport
of Specimens

Local
Hospital

Laboratory

States: MO, KS, IL

Collection of
Census Information,

Scheduling
and Interviewing

of Study Participants

Ht

Rgura 1. Ovtrall projtct organization.
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Providing analysis results by unique ID number for each specimen to
ATSDR for the routine blood and urine tests and biomedical tests. The
test results provided by the local laboratories and Roche were reported
to MRl, reviewed, compiled, and transferred by magnetic tape to ATSDR.

's day-to-day project management included the following responsibilities:

Daily contact with the on-srte coordinator and PI.

Receipt of copies of collection and shipping summaries.

Receipt, review, and compilation of hard copy analysis results from
Roche and local hospital laboratories.

Evaluation of blind QC results received with each set of analysis results.

Transcription of hard copy data onto a magnetic tape.

Reporting status of the project to the ATSDR project officer in required
weekly and monthly reports and as needed.
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SECTION 3

PRELIMINARY ACTIVITIES

Several planning meetings were held with ATSOR, States, MRI, and
CDC/CEHIC staff between November 1990 and initiation of the study, including a
planning meeting in Atlanta in March 1991, which was attended by staff from all the
agencies. These meetings were held to clarify the work and to define the
responsibilities of all agencies involved in the Multistate Study. MRI prepared a work
plan for the Multistate Study in response to a work assignment request from ATSOR
dated April 8, 1991. MRI's work plan was reviewed by ATSOR and subsequently
revised to address specific comments. MRI's work plan dated May 24,1991 was
followed throughout the Multistate Study. A laboratory protocol for collection,
processing, storage, and transport of specimens was supplied by COC/CEHIC and is
included as Appendix A. •

Planning meetings were also conducted by MRI with local hospitals, Roche,
iccal labor resources, and couriers/shippers to arrange analysis services, labor, and
transport of specimens for the Multistate Study. These planning meetings included
prestudy site visits to evaluate collection facilities and shipping logistics. Preliminary
trials were conducted immediately before collection dates to ensure that all personnel
were properly trained.

Data management was planned in conjunction with the ATSOR Project Officer
and Data Manager. A meeting was held at MRI on July 10,1991, to discuss the data
management requirements, and subsequent planning with a local transcription service
followed. A test tape containing results from the CBC, UA, and blood chemistry tests
was submitted to ATSOR on September 17,1991, and was approved on
September 30, 1991

Additional defftfcn the preliminary activities for each study site follow.
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SECTION 4

COLLECTION, PROCESSING, STORAGE, AND
TRANSPORT OF SPECIMENS

Specimens were collected, processed, stored, and transported according to the
laboratory protocol supplied by COC/CEHIC (Appendix A). Specific information
regarding staff, facilities, supplies, scheduling, storage, and transport follows.

4.1 ON-SITE STAFF

Phlebotomy support was arranged through Roche for the Joplin, Missouri, and
Galena, Kansas, studies. One phlebotomist worked through both studies, but backup
staff was provided, by Roche on occasion. College students and temporary help
provided urine collection, processing of specimens, and on-stte coordination for the
Missouri and Kansas studies. The hospital staff at St Elizabeth Medical Center
provided phlebotomy service, urine collection, specimen processing, and on-site
coordination for the Granite City, Illinois, study.

All staff were trained by MRI and COC/CEHIC staff during the preliminary trials
held at the sites prior to initiation of the collection. The COC/CEHIC laboratory
protocol (Appendix A), the MRI Revised Work Plan, and supporting documentation
forms (Appendix B) were used in the training. Rgure 4 shows the overall collection,
processing, storage, and transport scheme which was used for the Multistate Study.
All handling and packaging of specimens were performed in compliance with the
following documents:

• Memorandum of Instructions for Packaging and Shipping of Biomedical
Materials, October 24.1988 (supplied by ATSOR).

42 CFR Part 72—Interstate shipment of Etiologic Agents.

MMWR August 21,1987—Recommendations for Prevention of HIV
Transmission in Health-Care Settings.

MMWR June 24,1988—Universal Precautions for Prevention of
Transmission of HIV Virus, Hepatitis B Virus, and Other Blood-borne
°athogens in Health-Care Settings.
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I
All on-site personnel who were involved with collecting, processing, storing, or

packing specimens for transport were instructed on the regulations and the correct
means of handling and packaging the specimens. Copies of the above listed
documentsjgere available at each collection site. As a safety precaution, a solution of
5,000 ppm sodium hypochlorrte (1:10 dilution of household bleach in water) was
available at each collection site to decontaminate any spills that might have occurred.

Supervision of the staff was provided by the on-site coordinator hired by MRI,
and was supported by technical advice provided by the PI on site and CDC/CEHIC
staff by telephone.

4.2 COLLECTION FACILITIES

The collection facilities were selected by the States with several considerations
in mind, including convenience to participants, privacy, availability of bathrooms,
utilities, telephones, storage, safety, and cleanliness. Details regarding each collection
facility follow.

4.2.1 Joplln, Missouri

Specimens from the study population were collected from July 16 through
August 6 at the Jasper County Health Department. Blood collection and processing
was performed in a partitioned area in an upstairs office. The urine specimens were
collected and processed in a downstairs laundry area convenient to the rest rooms and
the waiting area. Since no fume hood facilities were available, urine specimens
needing the addition of nitric acid were taken daily to a local university to perform that
function. A room was available for storage of specimens and extra supplies. A phone
was installed by the State, and copies of collection logs were made at a nearby
library. No telefaxing service was available.

Collection activities were moved to the Ntosho Auditorium on August 7 where
specimens from tht control population were coDtcttd through August 27. Blood
collection and processing was performed in a stairwell area, and the urine specimens
were collejpaand processed in a partitioned area convenient to the restrooms. No
fume hcojfefety was available, so urine specimens needing the addition of nitric acid
were takerHbl nearby hospital pharmacy to perform that function. A closet was used
for the storage of extra supplies. A telephone and copy machine were available for
use as needed. No telefaxing service was available.

4.2.2 Galena, Kansas

The Baxter Memorial Hospital (non-operating) facility was used for the collection
of specimens from both the study and control participants. Blood collection and
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--ocessing were performed in the hospital pharmacy. A patient room wrth a restroom
.s used for urine collection and processing. A fume hood was available in the

pharmacy for the nitric acid addition to selected urines. There was sufficient space in
the collection areas for sWfege of extra supplies. A telephone and copy machine
were available for use as needed. No telefaxing service was available.

4.2.3 Granite City, Illinois

Specimens from the study and control populations were collected at St.
Elizabeth Medical Center. A large room, which was convenient to restrooms and the
waiting area, was set up for blood and urine processing. There was sufficient space
in the collection area for storage of extra supplies. A telephone, copy machine, and
telefax machine were available for use as needed.

4.3 COLLECTION SUPPLIES

Collection supplies for the Multistate Study were provided by CDC/CEHIC, MRl,
and the States. Table 6 gives a summary of the supplies used and by whom they
were provided.

4.4 SCHEDULING PARTICIPANTS

Scheduling participants for interviews and specimen collection was performed
by staff from the individual States. Scheduling was adjusted based on the number of
participants, the time of the first and/or last appointment, shipping restrictions, and the
COC/CEHIC work load. Generally, the days and hours of operation for each site were
as follows.

Site Hours of Operations

Joplin, MO 4Bi£> M*Fi varied hours

Galena, KS llsf M,W—3 p.m. to 8p.m.; T.Th—11 a.m. to 6 p.m.

Granite City, IL M-F, 8 a.m. to 8 p.m.

These hours were adjusted as necessary based on the factors mentioned above. The
schedules were given by the State's PI to MRI's on-site coordinator on a daily basis.
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Table 6. SUMMARY OP COLLECTION SUPPLIES PROVIDED BY
CDC/CEHIC.MRI, AND THE STATES'

CDC/CEHIC Screened collection supplies (for Pb and Cd specimens)
Containers for other specimens analyzed by CDC/CEHIC.
Protocol, collection logs
Specimen labels
Shipping containers
Band-Aids™, gauze

MRI Serum separator and transfer tubes (through Roche)
Centrifuge (through Roche)
Urine tubes (through local hospitals)
Slides for blood smears (through local hospitals)
Facility equipment
Paperwork
Shipping supplies
Slide mailers
Juice, toys, candy, Band-Aids™

Missouri Candy, toys

Kansas None

Illinois ' *Juice, toys, McDonald's certificates

Some supplies were provided jointly by more than one agency participating in the
study.
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4.5 STORAGE OF SPECIMENS

Specimens were stored according to the conditions identified in Tables 1 and 2
and shown in Figure 4. ̂ H:r to transport, room temperature specimens were stored
at ambient temperature, refrigerated specimens in a refrigerator, and frozen
specimens in a freezer. During transport, room temperature was maintained in the
insulated shipping container by enclosing unfrozen cold packs, and refrigeration and
freezing was maintained by enclosing frozen cold packs and dry ice, respectively, in
the insulated shipping containers. •

4.6 -TRANSPORT OF SPECIMENS

MRI arranged the transport of all specimens to local hospitals, Roche, and
CDC/CEHIC. Specimens for CSC and UA were delivered to the local hospital
laboratories at least twice a day by MRI's on-site staff. The blood chemistry
specimens were transported to Roche in Kansas City by their courier (Missouri and
Kansas) or Flexfleet courier (Illinois). The specimens collected for the immune panel
were shipped daily to CDC/CEHIC. The remaining specimens (frozen blood serum
and urine) were batched and shipped to CDC/CEHIC at least once a week.

Specimens going to CDC/CEHIC were transported by Rexfleet couriers to the
nearest major airport (Missouri and Kansas—Tulsa, Oklahoma; Illinois—St. Louis,
Missouri), flown to Atlanta by Delta Dash, and delivered to CDC/CEHIC by
Dependable Courier. Shipments were scheduled for overnight service with rHivery to
CDC/CEHIC by 10 a.m. The only exception was Granite City, Illinois, where Federal
Express was used on Fridays, with Saturday delivery by noon.

4.7 REDRAWS

A second blood specimen was collected and transported to CDC/CEHIC for
analysis for those participants found to have elevated blood lead levels. The collection
and transport was 4pT40ed by MRI, using the same phlebotomists hired for the
studies.

For the JopiinTMissouri study. 12 blood specimens for lead analysis were
collected from participants having blood levels > 15 ng/dL Six of the specimens were
drawn during the Galena, Kansas collection in September, 1991; four were drawn at
the Jasper County Health Department and two at the Joplin Health Department on
September 25, 1991, and November 22.1991, respectively. For the Galena, Kansas,
study, redraws for blood lead analysis were performed on December 23,1991. for
three participants with blood lead levels of > 15 ug/dL The collection was performed
in the participants' homes.
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Forty-seven redraws were performed January 6-15, 1992, at St. Elizabeth
Medical Center in Granite City, Illinois for those participants with blood lead levels of
>lOu,g/dL

All atl6» blood lead specimens were refrigerated prior to and during shipment
to CDC/CEHIC for analysis.
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1 Executive Summary

This repggletails the findings of a study of environmental lead levels in Granite City Illinois

commissioned by the City and conducted by the University of Cincinnati. U.S. EPA has declared Granite

City a Superfund site because of lead contamination allegedly stemming from the operation of the now

defunct smelter located at the ML Taracorp plant During 1993 and 1994, the Agency removed

contaminated soil from the yards of 38 dwellings.

Granite City commissioned the University of Cincinnati study of environmental lead in the City to

evaluate EPA's remedial approach. Specifically, the study was designed to determine if the removal of soil

from residential yards would substantially reduce the risk of further lead exposure to the residents of

Granite City. As part of that objective, the study investigated if the remedial action already taken by EPA

had effectively reduced housedust lead levels. The study also searched for a^^'i^pal lead sources that may

contaminate interior housedust, a medium thought to be especially responsible for lead exposure among

children. Finally, the University of Cincinnati study investigated the accuracy of paint lead concentration

values reported in a study conducted by the Illinois Department of Health (Illinois DOH). That study

utilized a Gamma-Tech XRF device, rather than more recently developed XRF devices. The University of

Cincinnati compared the results reported by Illinois DOH to results recorded by the recently developed

SciTec XRF device.

To fully characterize environmental lead exposure in Granite City, the University of Cincinnati

recorded the following information: 1) interior surface dust lead levels, 2) 30-day dustfall rates; 3) Interior

entry mat dust lead loading levels; 4) Alley dust lead levels; 5) Exterior dust lead levels; and 6) soil lead

levels. To evaluate the paint lead concentration results reported by Illinois DOH, the University of

Cincinnati sampMtttt lead levels using die SciTec XRF device.

The stndynraBs revealed two sources of lead contamination not considered by U.S. EPA in the

Agency's formulation of a risk management strategy, lead-based residential paint, and street dust

transported from the Taracorp site by cither wind action or by trucks traveling from the site and through

the city. Tj>arf pain* i. « li-Wty mnjarni'nafinn Mitea heeaiiga the concentration of lead in paint ii several

orders of ™»gp''twte higher than the corresponding concentrations in either house dust or exterior soil;

moreover, age and jna '̂xp"'** m^intmanr* for many dwellings have caused lead-painted surfaces to

man
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deteriorate and release lead paint to the environment The fact that soil lead levels are substantially higher

near dwelling "drip line" locations than soil lead levels near the street curb also points towards deteriorating

lead paint as a l&dy. candidate for lead contamination in soil. On going contamination of soil resulting
as.

from the transport of lead from the Taracorp site (by either wind action or by trucks traveling through the

city from the Taracorp site) is also likely. Data detailing street dust lead levels reveal an inverse

relationship with distance to the Taracorp site. Because the smelter has been inactive for over a decade,

and because street dust lead stemming from the operation of the smelter would be eliminated relatively

quickly (e.g., by rain and street cleaning .activities), it is likely that the currently observed street dust lead

levels reflect current and on going contamination from the Taracorp site.

The study results also demonstrated that abatement of regi«fcnti?i y^ fo^ ^ effectively reduce

housedust lead levels and therefore is likely to have a minimal effect on lead exposure. In fact, interior

housedust lead levels increased substantially at most of the dwellings evaluated The study results also

revealed that soil itself became recontaminated after the completion of abatement activities.

Finally, the evaluation of the Illinois DOH paint lead results using the SciTec device iru^iratfA that

the DOH results were valid.

The results of the University of Cincinnati study call into question EPA's strategy of abating

residential soil as a first (and perhaps only) step in the Agency's effort to reduce lead exposure in Granite

City. First, the study demonstrated mat there are at least two on going sources of soil contamination -

deteriorating residential lead-based paint, atv^ the font"1""1!! transport of lead from the Taracorp site.

There is reason to believe t*iat these letd sources would rpfx>nt?""nitfft abated soiL EPA's risk management

are based on the Agency's use of its Integrated Exposure Uptake Biokinetic (BEUBK)

model, which dpj^Mtaccount for these sources of soil contamination. EPA's focus on soil removal alone

is also questionfl^EBtn that at other sites, the Agency has adopted a more holistic approach to addressing

lead contanunanBlMcond, the study results cast doubt on the efficacy of soil removal; even after soil is

abated, housedust lead levels remain elevated. Third, die fact that soil becomes recontaminated after

abatement confirms die hypothesis that other on going sources of lead contamination are active in Granite

City and that EPA should address these sources before it considers abatement of residential soil Finally,

we note that die Illinois DOH paint lead level results are valid. Hence, the fact that Illinois DOH did not

use the most up-to-date technology for mis evaluation does not justify disregarding their findings.

MMM
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2 Background

la the faftjgE 1994, the University of Cincinnati was asked by the Granite City City Council to

assist the city in its evaluation of the effectiveness of soil remediation efforts currently under way on

residential properties adjacent to the Taracorp Superfund she. Numerous studies and investigations have

been conducted in this community by both the U.S. EPA, by ATSDR, and by outside investigators. These

studies have revealed lead levels as high as several thousand ug/g in residential soils. A comprehensive

blood lead level survey conducted by the Illinois Department of Health identified multiple sources and

reservoirs of lead in the residential environment Subsequent to the University of Cincinnati study

conducted in the fell of 1994, Dr. Robert Bomschein, the study's lead investigator, suggested the collection

of additional data. In seeking to extend the study, Dr. Bomschein stated that doing so would give his team

an opportunity to increase the study sample size (since remediation of additional homes was planned) and

to investigate the impact of soil recontamination over a longer period of time (two years, rather than one

year). The City concurred and asked the University to continue its investigation. This report details the

University's findings through the fell of 1995.

The U.S. EPA undertook soil removal on 21 properties in 1993 in an effort to address possible

excessive lead exposure among residents living adjacent to the site. In the fell of 1994, the EPA remediated

an additional 17 properties. However, these actions raised many questions within the community and the

city administration about whether the cleanup was reducing lead exposure in any significant manner. The

questions are outlined in the subsequent section.

»*»»
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3 Objectives

This secticifiiscribes the objectives of the University of Cincinnati study of environmental lead in

Granite Chy.

3.1 Determine if the Removal of Soil would Substantially Reduce the Risk of

Further Lead Exposure to the Residents of Granite City.

The main question the University of Cincinnati study set out to investigate was whether removal of

soil from residential yards in Granite City would substantially reduce lead exposure among the residents of

fhi« community To answer thiy question, the University of Cincinnati assessed the ""pact of soil

remediation on interior dust lead levels since ingestion of interior housedust is thought to be one of the main

pathways by which children are exposed to lead present in soil (US Dept of HUD, 1990; Bomschein tt aL,

1986; Bomschein etaL, 1988).

This study evaluated the potential effectiveness of soil removal by measuring changes in housedust

lead levels after remediation and by investigating three factors: 1) the importance of media other than soil

as sources that contaminate interior housedust; 2) the short-term impact of soil removal on lead levels in

key exposure media; and 3) the recontamination of remediated soils by various sources of lead in Granite

Chy.

3.1.1 Identify Additional Lead Sources that majr Contaminate Interior Housedust

Since the housing stock in Granite City is relatively old, lead-based pigment in both exterior and

interior p»"t m^HKtiy contaminate interior dust In such cases, removal of lead in exterior soil may not

substantially afl^lfeior dust lead levels. Since the huge lead slag piles generated during the operation

of the lead smelter have not been removed, ft is possible mat trucks leaving the plant now occupying mat

site or trucks leaving the adjacent trucking company could track dust through the streets, and that this dust

could directly contaminate ulterior housedust Alternatively, wind could transport this source of lead into

houses. Among the q"a«rtfrict survtyed by the study, ***« TTnivmfry of Cip^"nati thfi»fr>m moaymwi the

following: lead concentration of exterior (entry) dustsample; dust toaduig of exterior (entry) dust sample;

lead concentration of the repeated exterior (entry) dust sample; lead concentration of the interior dust

MttU JWNIMIAM

UKXIUOC 4 University of Cincinnati



sample; dust lead loading of the interior dust sample; lead concentration in the mat dust sample; lead

concentration in paint chip samples; and street dust lead levels.

3.1.2 Determine the Short-Tenn Effectiveness of Soil Remediation on Lead Exposure as Reflected

in Housedust Levels

The efficacy of soil removal can be evaluated by measuring lead exposure (e.g., lead

concentrations in various media) both before and after soil removal has been conducted. Such comparisons

are limited since EPA has remediated soil in only a limited number of homes in Granite City. Nonetheless,

comparing lead concentrations in various media provides some insight into this issue. It also permits the

investigation of whether soil removal activities actually increase lead levels in various exposure media by

disturbing lead and creating fugitive sources of lead rontaminatfld dust To address this issue, the study

measured the following both before and after soil removal: lead concentrations (ug/g) in exterior dust, mat

dust, and floor dust; lead loading (ug/m*) in exterior dust

3.1.3 Characterize the Potential Recontamination of Remediated Soil

The second factor affecting the efficacy of soil removal is the extent to which the new soil may

become recontaminated. One potential source of recontamination at Granite City is exterior residential lead

paint The study also considered the possibility that the fugitive lead dust spread through town by trucks or

transported from the Taracorp site by wind could recontaminate soil To evaluate this issue, the study

measured sUcet dust lead concentrations, perimeter soil lead concentrations, «vj curb soil lead

corKy"tration5 both before an<1 aftfr soil removal.

3.2 DeterdBtiihe Accuracy of Paint Lead Concentration Values Reported in the

UlinoHft. of Public Health Study

Questions have been raised about the validity of the paint lead measurements reported in the

Illinois Department of Health Granite City Study since Illinois DOH used an older generation Gamma-Tech

XRF device to make these measurements. The University of Cincinnati study evaluated these

measurements by comparing the Illinois DOH values to measurements made using a Scflec XRF

measuring device. The SciTec model is a later generation XRF device than the Gamma Tech model,

MO»M WMIUIAM
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although both the SciTcc and Gamma Tech devices have been evaluated and approved for lead paint testing

by the Department of Housing and Urban Development (HUD).
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4 Study Protocol and Methodology

This secSSifescribes the protocol for the University of Cincinnati study of lead contamination in

Granite City, Illinois. Section 4.1 describes sampling procedures for dust and soil, while Section 4.2

describes paint XRF sampling procedures. This section also details steps taken for QA/QC purposes.

4.1 Collection of Dust and Soil

This section describes the collection of interior surface dust, 30-day dustfall collection, collection

of interior entry mat dust loading, alley dust sampling, exterior dust sampling, and soil collection.

4.1.1 Collection of Interior Surface Dust

Interior surface dust is collected by using a personal monitoring pump connected by Nalgtne

tubing to a three-piece air monitoring cassette with a 0.8 micron poly cellulose acetate filter. A collection

nozzle is connected to the air monitoring cassette by means of a short piece of Nalgene tubing. The

collection nozzle is a piece of acrylic plastic tubing crimped on one end to form an Opening of

approximately 1.3 by 0.1 on. To facilitate the collection of interior dust samples, a template is used. The

inside of the template measures 25 cm x 25 cm.

The interior dust sample will consist of a composite of at least three sub-samples taken from the

following areas in the residence:

An area adjacent to the main entrance;

area in the room most utilized by the subject child;

area in the subject child's bedroom. (If there are no children residing in the house,
we collect this part of the composite sample from the bedroom of an adult).

Additional sub-samples may be added to the composite sample. These sub-samples will be taken from

bedrooms occupied by additional subject children (/.«., children less than 72 months of age).

nan* WM 1*21 AM
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The main entry sample is collected by placing the template on a carpeted surface immediately

inside of the entry door. The preferred sampling surface for interior dust is a carpeted surface. If carpeting

is not present in tttflfrea the most likely place to find an adequate surface dust loading is the area

immediately adjacent to the main entry door. :

The identification of sample sites from the most frequently occupied room and the child's bedroom

is determined in part by the floor covering present in those rooms. If the floor is carpeted, an adequate

sample can readily be collected from almost any pathway in the room. A pathway might consist of an area

immediately inside of a doorway into the room, or an obvious pathway from one side of the room to the

other. In rooms where there is no carpeting, the most likely place to find an adequate supply of surface

dust is an area immediately adjacent to a wall. Very often, on floors with hard surfaces, dust will migrate

to the edge of the room; therefore, that is the most likely place to collect the dust

The dust sample is collected by placing the template on die identified sampling area. The pump^s

then turned on and a visual check is made to ensure that the flow rate is 2.5 liters per minute. The

collection apparatus (acrylic nozzle connected to cassette) is held at about a 45 degree angle to the surface

(floor) and moved from one side of the template area to the opposite. This sweeping motion in the same

direction is repeated until the entire area has been "vacuumed" with die collection attachment (approximate

time - 1 minute in each direction). The procedure is repeated in a direction 90 degrees from the initial

direction. A third coverage of the area is then completed in the same direction as die initial coverage. The

rate of movement from one side of the template to the other is approximately 1.5 to 2 seconds per stroke

(the total time to sample the area within the template is approximately 3 minutes).

As far-h sub-sample is collected, its location is iyticatod on the floor plan th«{ was completed

earlier. Care ^flBjH0 DOte ** *°*̂  numoer °f areas sampled. At the completion of the sample

collection, die d^^Hpette is removed from the collection device and the end plugs are replaced. The

dwelling ID mmiberandthe sample number are written on the side of the cassette with permanent ink.

The FORM 05 Interior Dust Sampling-Residential worksheet is completed at. the time the dust

sample is collected. The XRF testing is conducted in the rooms where interior surface dust samples are

collected (see Section 4.2).

ntsnt
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4.1.2 Dustfall Collection - 30 Days

Dustfall sqggjes are collected in polypropylene containers that have snap-on lids. They are

Tupperware™" type containers. The dustfall containers are cleaned in a nitric acid bath, sealed, and not

opened until placed at the residence. The lid, appropriate labeled, is retained by the sampling crew in a

sealed zip-loc bag until the sample is retrieved, the container is placed outside of the tested house (for

example, on the porch area) at a level far enough above the floor level to be out of the reach of children. It

is also located in a relatively inconspicuous, spot so that no one will interfere with ft; finally, the container is

placed so as not to be exposed to rain and other elements. The required sampling time is 30 days.

4.1 J Interior Entry Mat Dust Loading

One entry mat is placed inside of the tested house at the front door or back door, depending on

which entrance is used most frequently by the residents. Prior to placement, the mat is vacuumed fo%6

minutes with a Hoover Brush VacO with a beater bar. Initially, the mat must be vacuumed for

approximately 6 minutes.

When placed at the residence, the mat is checked to ensure that it does not interfere with the

opening and closing of the door. The residents are instructed not to clean the mat The testing crew

vacuums the mat using the Hoover vacuum with brush. Total testing time is 20 days. The mat is left in

place for the residents to use after completion of the study.

4.1.4 Alley Dust

samples from die alleys are taken from gravel using a brush or the vacuum

Large pieces of rock and gravel are removed and discarded prior to

One sample is obtained behind each test house. The location of the sample is

gut*, or garage t^at provides access to the rear yard.
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4.1.5 Eiterior Dust

Two comnogte exterior dust samples are collected: an entry sample, and a street sample. The
i55'

entry sample is a composite sample from two separate areas, if available. The two entry sub-samples are

collected from the front and side or rear entrances to the residence. If an entry is never used, no sub-sample

will be collected from that entrance.

The street composite sample consists of a sub-sample collected from the intersection of the

driveway and the street curb and a sub-sample from the curb area closest to the sidewalk leading to the

front entry of the residence. If there is no sidewalk leading from the street to the front door, the curb area

to be sampled is the area immediately in front of the front entry to the residence, or alternatively, the curb

area closest to the front door.

The entry dust sample is collected by first selecting an area within 6 feet of the entrance with die

heaviest loading of dust near the door. The area with the heaviest loading is most commonly the

intersection of the first porch step and the sidewalk. Once the heaviest loading has been identified, the

template is placed over an area that includes that loading. The perimeter of a template (1 square foot, i.e.,

a square area measuring 12 inches by 12 inches, or a rectangular area measuring 6 inches by 24 inches) is

drawn on die surface using carpenter's chalk. The template is removed and the dust is loosened, if

necessary, by means of a stiff bristled brush. Once the material is loosened, it is brushed into a pile within

the defined area with a paint brush. This pile is men deposited in the appropriate sample bag, along whh

the brush, using a scoop. After the bulk of die material is collected in mis fashion, a portable vacuum

cleaner (Hoover vacuum widi brush) is used to vacuum the area defined by the chalk lines.

The sam^Jg^ollected by passing the vacuum head across the designated surface area from one

side to the othesJ^BJBto of 3 to 4 seconds per pass. Repeated passes are made at the same rate until the

entire area hasWPVcuumed once. A second collection is made over the same area in a direction 90

degrees to the initial direction. Again, each pass lasts from 3 to 4 seconds. A third collection is made in

the same direction as the initial collection. Both sub-samples are collected in this

Once the surface dust is brushed into the sample collection bag, the interior of the vacuum cleaner

(including the cleaner bowl and the motor assembly) is cleaned by utilizing several wet wipes. On a dry,

HBXII VIMlttUAM
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sunny day, spontaneous, natural evaporation removes the dampness remaining from wet wipe. On cool,

cloudy days, paper towels may be used to dry the interior of the vacuum cleaner. Removing the moisture

from the vacuuragjfgpner prevents dust from the next sample collection from adhering to the vacuum

cleaner parts.

The final step in the collection of the exterior dust samples is the final check of the data entered on

the sample collection sheets (FORM 08-Exterior Sampling-Residential). The monitoring team makes

certain that all of the data has been entered onto the sheets. The vacuum and other equipment are then

packed to be transported to the next sampling site.

4.1.6 Soil Collection

Soil samples are collected with a coring device. The device may be used in either of two ways.

There is a T" handle that can be attached to the top of the coring device that allows the operator to push

the coring tool into die ground. The coring'tool can be twisted as it is pushed into the ground to allow the

cutting edge of the soil corer to cut through roots and packed earth. Alternatively, a hammer can be

to the top of the coring tool After the coring tool is placed on the ground where the sample is to

be collected, the hammer is raided and allowed to fell while it is guided by the operator's hands.

1. At each residence occupied by a participating family, composite soil samples are collected
from the four sides of the residence. Three sub-samples will be collected from each side
where soil is present The samples are collected at a distance of one (1) foot from the
exterior wall of the residence. Spacing along a side of die residence may depend on the
location of sidewalks, vegetation, or other obstacles. If there is a sidewalk along an entire
side of a house, the sample is collected along the edge of the sidewalk. If a sidewalk,
driveway, or patio is immediately adjacent to a house and extends more:than 3 feet from

Jhejoundation, no sample is collected at that location.

2. ^HBunpIes are collected from the curb area (the area between the street and sidewalk).
i sub-samples are obtained to make one (1) composite soil sample.

3. Variation soil sample - From two residences, twelve (12) grab samples have been obtained
from either the front or rear yard (depending on the shape and area of the tested yards).
Each grab sample consists of two core samples collected along two parallel lines extending
from the house property line. The two lines are located one foot apart and grab samples
are collected approximately every 3 feet The first grab sample is located one foot from
the house.
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The sampling tools are decontaminated between each type of soil sample and between tested yards

by bmshing and wet wipe cleaning using water and detergent solutions. Samples are placed in double 6 mil

plastic bags. Att^MBles are labeled with the dwelling ID number using waterproof; permanent ink.

4.1.7 Summary of QA/QC Precautions

A subset of houses in the sample were identified for QA/QC control purposes. At each of these

dwellings, the following QA/QC protocol was executed:

• Dust collection (Section 4.1.5): One (1) wet wipe sample is obtained after each
decontamination of the vacuum as a QA/QC sample. Duplicate samples are obtained for
selected houses (10 samples were initially planned based on the assumption that 50
dwellings would be surveyed). The dwellings selected as HQC homes" are chosen
randomly; at these dwellings, co-located samples of all types are obtained. The lead levels
in these co-located samples can be compared to assess sampling reliability.

c-l

• Soil collection (Section 4.1.6): As noted in Section 4.1.6, the sampling tools are
decontaminated between each type of soil sample and between tested yards by brushing
and wet wipe cleaning using water and detergent solutions. At the designated QA/QC
residences, one (1) wet wipe sample has been obtained after decontamination of the coring
device for QA/QC purposes.

In addition to the above QA/QC procedures, the following components are sampled via a 60

second measurement for QA/QC purposes:

Three components on the exterior of the house. Possible options include, but are not
limited to: exterior wall or siding, exterior porch ceiling, porch railing, exterior door,
exterior window casing or sill, etc.

in the most frequently used entry room or foyer, i.e., the wall, and the
the greatest surface area in the room. Some possible options for the trim include

not limited to: door casing, window casing, baseboard, other decorative trim, etc.

Two components in the room most utilized by young children in the house,/.*, a wall and
the trim with the greatest surface area.

Two components from the child's bedroom, /.«., a wall, and the trim with the greatest
surface area. If no young children reside in the residence, an adult's bedroom will be
selected.

»w loai AM
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A total of nine samples plus a quality control sample, if necessary, will be taken at each address.

The folkMjjit general procedures also help to ensure the quality of the data:

1. The sampling points are documented by area maps, photograph, and video;

2. All samples are kept in 6 mil plastic bags or in glass jars; and

3. The samples are submitted with chain of custody forms to the University of Cincinnati for
analysis. '•

4. The ID system is based on the she maps and house number.

4.2 XRF Sampling Protocol

Testing of paint has been performed using the SciTec XRF spectrum analyzer. The X-ny

fluorescence spectrum analyzer used during the exposure assessment is manufactured by SciTec

Corporation, 20000 Logston Boulevard, Suite 125, Richland, Washington, 99352. The radioactive source

is licensed in Missouri (#RM-140).

The SciTec XRF spectrum analyzer is equipped with a Cobalt 57 radioactive source. This source

has a half-lire of 273 days. As time passes, the excitation, or rate of X-ray emission, from the Cobalt 57

source decreases. As the Cobalt 57 excitation source loses strength, the measurement time is automatically

increased.

4.2.1 Method of Operation

The S/^fgfKP spectrum analyzer is capable of taking three types of measurements:

15-second screen with an uncertainty of ± 0.6 mg Pb/on1;

60-second test with an uncertainty of ± 0.3 mg Pb/cma; and

240-5flconj ftfaifinpatuM with an uncertainty of ± 0.15 mg Pb/cm2.
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The uncertainty decreases as the quantity of radiation counts received by the spectrum analyzer increases.

The actual time of these measurements varies with the strength of the radioactive source.

The inconclusive range for each type of measurement, relative to 1.0 mg lead per square cm, is

presented in Table 4.2-1.

Table 4.2-1
XRF Measurement Ranges

Type of measurement Inconclusive Range
screen (15 seconds) 0.4 to 1.6 Pb/cm*

uncertainty ± 0.6 mg Pb/cm1

test (60 seconds) 0.7 to 1.3 mg Fb/on1

uncertainty ± 0.3 mg Pb/cm1

Confirmation (240 seconds) 0.85 to 1.15 mg Pb/cm3

± 0.15 mg Pb/cm1;

If a measurement fell within the inconclusive range, the true lead concentration may actually be above or

below 1.0 mg Pb per square cm.

The information generated by the SciTec XRF spectrum analyzer is stored in the XRF's memory

and later downloaded to disk. All data collected for this inspection, including the spectrum for each

sample, is retained.

4.2.2 Quality Assurance / Quality Control

The QA/QC program for the XRF spectrum analyzer ensures that accurate data are collected and a

focused risk atHHBnt is performed. These goals are accomplished through instrument calibration and

duplicate samJ^Bbstrument calibration of the SciTec XRF spectrum analyzer is performed by both the

The XRF unity corrects each measurement for the particular substrate to which the paint is

adhered. The manufacturer's calibration involves measurement of lead films of known concentration

placed on many different types of building material substrates. The results of these tests are incorporated

into a mathematical function that is a component of the XRF on-board computer's software.

MWia MINIMI AM
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The reference lead-based paint film used during the manufacturer's calibration is prepared by the

National Institute q|£feandards and Technology (NIST) for HUD. Three lead concentrations are used: 0.6,

1.5, and 3.0 mg Pb per square on.

In addition to the calibration performed by SciTec, the instrument will be calibrated daily by

REACT against a lead painted calibration block. These calibrations are not accuracy checks, but rather

checks to determine if the instrument is .operating within the parameters set during manufacture. The

calibration block, which is provided by SciTec, is coated with paint containing 1.1. mg Fb per square cm,

and is measured by attaching it to the face of the XRF unit

At the beginning of each lead paint inspection shift, a series of five test measurements on the

calibration check standard will be made by REACT. If the average of these five test measurements does

not fall within ± 0.7 mg Pb/cm2 of the value reported by SciTec, another set of five readings will be taken.

At this point, all ten measurements will be averaged and compared to the calibration block lead level of 1.1

mg Pb per square cm. If the averaged calibrations did not fall within 0.7 mg Pb/cm2 of the true value,

SciTec will be notified. The results of the start-up calibration will be plotted daily to determine if a trend

representing bias or drift is present

In addition to start-up calibration, the unit was checked against the standard every two hours. To

assure legal defensibility and testing integrity, all calibration checks are documented and stored with the

inspection data in REACTs archives.

While instrument calibration assures that the XRF is operating to manufacturer's parameters,

duplicate sampHBIjjbblishes the accuracy of the data. Duplicate samples for 5% of the total data have

been collected. ̂ ^BKtwentieth sample has been taken twice, and the results compared. The difference in

value between tfirowrsamples in each pair and the duplicate QA/QC samples are documented.

QA/QC results appear in Appendix A to this report
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5 Study Results

5.1 Lead EifSiire Risk Reduction Following Soil Removal

This section summarizes study results that address the objectives outlined in Section 3.1 of this

report

5.1.1 Alternative Lead Sources Contaminate Interior Housedust

Data collected in Granite City by the University of Cincinnati identify two sources, in addition to

soil, that contaminate interior housedust: lead-based residential paint, and street dust transported from the

Taracorp site by either wind action or by trucks traveling from the site. Both of these sources must be

considered as potentially important because the lead concentrations in both residential paint and in

housedust are so high, as indicated in Table 5-1. One of these sources - lead paint - has far higher lead

concentrations than soil samples taken from Granite City.

Table 5-1*
Lead Concentrations in Perimeter SoO Lead, Residential Lead Paint,

and in Street Dust, in Unremediated Houses

Medium
Perimeter Soil
Street Dust
Paint

Lead Concentration Statistics (ng/g)
N Average Minimum Maximum Std. Deviation

26
25
12

2.588
580

43,933

298
179
178

14,238
2,463

157,000

3,024
462

52.054

Nott:

(a) i^fjjfttstica art calculated from &* wrmudiated htnau in At 1994 University of Cincinnati data nt

Paint ledfly^lso be reported in terms of lead loading (mg lead per cm2 paint). Much of the

exterior residential lead paint measurements recorded in Granite City reveal loadings on the order of 10 to

30 mg of lead per cm2 paint That is, each square centimeter of exterior lead paint can contain on the order

of tens of thousands of tig of lead. The complete data set from which the lead paint summary statistics in

Table 5-1 have been calculated appears in Appendix B to this report
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Additional data collected from homes far from the Taracorp site (outside EPA's proposed area of

remediation) further supports the hypothesis that exterior lead paint is a major source of lead

contamination. Tktjgfetance of these homes from the Taracorp she is sufficiently large to ensure that both

past and current lead contamination from the site have had only a limited impact on soil lead

concentrations. A comparison of soil lead levels near these houses to soil lead levels at the curb in front of

these houses appears in Table 5-2.

Table 5-2'
Soil Lead Levels at the Drip line and at the Curb for Houses Far from the Taracorp Site

Location Distance from site
entrance (miles)

2129 Grand
2146Delmar
2142 State
21S8 State
2124 Edison
2128 Edison

O.S8
0.56
0.56
0.56
0.54
0.54

Soil lead concentration
near house G*£/K)

1757
2729
1879
400
1513
650

Soil lead concentration Ratio of
near curb (fig/g) perimeter to curb

526
288
571
420
189
148

3.340304
9.475694
3.290718
0.952381
8.005291
4.391892

Nott:

(a) This tablt includes alt At mmiudiaUd houstt at Itast 0.5 milts from At sitt tntrmet in At 1994
University of Cincinnati data stt

The fact that soil lead concentrations near these dwellings are much higher than lead concentrations at the

curb indicates paint on the dwellings may be <*/wtam'1Mlt'nfl nearby soil (alternatively, these elevated levels

may reflect the impact of contaminated rain water running off the roofs of these dwellings).

Street dust lead concentrations are also very high in Granite City, suggesting that this medium may

serve as an imgMfeCmterior dust contamination source if it is tracked into or blown into dwellings (see

Appendix B, 'E^Sf! - Lead Concentrations and loadings for street dust samples collected in August,

1995). MoreoverTtE ocentrations tend to be inversely proportional to die distance from the Taracorp

she. Table 5-3 summarizes the lead concentration measurements recorded in Granite City.

UVOKDJJOC 17 University of Cincinnati



Table 5-3*
Street Dust Lead Concentrations and Loadings in Granite City and Distance to the Taracorp Site

Distance from site Concentration of lead Lead Loadings in
entrance (miles) in street dust (ug/g) Street Dust (ug / mj)

Not*:

1429 Grand
1436 Grand
1431 Grand
1440 Grand
1438 Grand
1437 Grand
1447 Grand
1415 Grand
1412 Grand
1418 Grand
1424 Grand
1413 Grand
1425 Grand
1417 Grand
1441 Madison
1400 State
1425 Madison
1439 Madison
1433 Madison
2030 Benton
2124 Edison
2128 Edison
2146Delmar
2142 State
2158 State
2129 Grand

0.3
0.3
0.3
0.3
0.3
0.3 .-
0.3

0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.34
0.34
0.34
0.44
0.54
0.54
0.56
0.56
0.56
0.58

443
1045
665
675
1102
416
705
565
659
334
469
608
681
606
NA
556
183
216
179

2463
320
319
217
521
318
228

1824
1,320
168
976
312
184
176

1,104
536
736
240

6,560
1,176
NA
672

66,000
2,912
1.536
2,280
240
536

1,104
816
992

2,744
3,080

This tabl* tnclvduaUoftht i xUatul hoots In At 1994 University of Cincinnati data stt

Regressing these concentrations against distance yields a negative coefficient (a negative slope of 691 ppm

lead in street B? mil*. &om smelter), verifying that street dust lead concentrations decrease with

site and indicating that die site is a continuing source of lead exposure for

Granite City residents.

The data collected in Granite City were used to construct a Pathway Exposure diat describes the

pathways by which lead travels from one medium to another. The Granite City Pathway Exposure Model

appears in Figure 5-1. Each pathway described in the model is quantified by a correlation coefficient and

UFOKIItDOC 18
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an associated p-value, which appears in parentheses. Similar path models have been used to quantify the

influence of environmental lead sources on childhood blood lead levels, and many of these models have

appeared in the peqyviewed literature (Bornscheinefa/., 1986; Bomscheinef a/., 1988).

5.1.2 The Short-Term Effectiveness of Soil Remediation on Lead Exposure as Reflected by

Housedust Levels

As noted in Section 3, ingestion of interior housedust is an important pathway by which children

are exposed to lead. We therefore have investigated pre- and post- soil removal dust lead concentrations.

As of this time, data are available for only a limited number of dwellings, making it not possible to conduct

a conclusive statistical analysis of this issue. Tp<rt<*a'<. Table 5-4 summarizes the available data.

Table 5-4*
Pre- and Post- Soil Removal Interior Dust Lead Concentrations (ug/g)

Location

1412 Grand St
1415 Grand St
1418 Grand SL
1424 Grand St
1431 Grand St

Pre-remediation
(1994)

608
1070
109
462
1094

Post-remediation
(199S)

652
303
522
782
959

Difference
(post- minus pre-remediation)

-44
767
-413
-320
135

Notts:

(a) That an At onfy hoiuufor -which pn- and post-nmtdiation data an availablt in At 1994 and 1995
University ̂ Cincinnati data Mts.

Note that in the majority of cases, post-remediation dust lead concentrations are higher than pre-

n*tnffdifitioii cnncfntra*k>T'f. These finding^ may reflect the gnntinning contribution of interior paint to the

interior dust leqflfetfls. Several studies have demonstrated that interior dust lead is very difficult to

remove.

5.1 J ReconUmination of Remediated Soil by Remaining, Non-Abated Lead Sources

The roTMTiiti'afion of lead in exterior lead paint is much higher tf»p" typical lead fron<yntrat'ona in

even unremediated soil in Granite City. Dust lead levels are also high. Table 5-3 in Section 5.1.1

summarizes some of the street dust lead concentration data collected as part of the University of Cincinnati

HUM* MM 1*31 AM
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Study. We note that street dust lead concentrations are higher (500 to 1,000 ng/g) at locations near the

Taracorp site. More disturbing is the very high lead loading (ing lead per square foot) in street dust These

levels are several ofdfel of magnitude greater than permissible in interior housedust (0. 1 mg / square foot).

Figure 5-2 illustrates the high levels of lead in exterior residential paint compared to residential

soil. This Figure shows 2 vials: the left vial contains paint chips from Granite City, while the right vial

contains soil from Granite City. Although the left vial contains only a few chips of paint and the right vial

is virtually full of soil, the vials contain the same amount of lead. This comparison shows that a limited

degree of lead paint contamination can substantially elevate the concentration of lead. Photographs of

dwellings in Granite City (Figure 5-3) demonstrate that in many cases, exterior paint has deteriorated,

making it available to recontaminate clean soil after remediation.

Finally, post-remediation soil lead concentration measurements recorded 1 year and 2 years after

removal of contaminated soil indicate that many properties still have lead concentrations in composite soil

samples that exceed 500 ng/g (for example, of the 38 perimeter soil samples, 9, or approximately 24%, had

lead levels exceeding 500 pg/g when resampled after soil abatement; mid-yard lead levels were

considerably lower, with 3, or approximately 8%, exceeding 500 ug/g when resampled). Hence, in the

presence of elevated levels of lead in paint and the Taracorp pile, government sponsored remediation is

proving ineffective in many cases in reaching its stated goal of residential soils of less than 500

Table 5-5 summarizes the soil lead concentration results.

Table 5-5*
Post-Remediation Soil Lead Concentrations (|ig/£):

1 year and 2 yean after Sofl Removal

Time* N Mean SD Mln""
lyear
2 yean

17
21

676
339

1,048
823

38
46

4,134
3.845

Mid-yard Sofl lyear
2 yean

17
21

194
277

436
915

23
27

1,770
4,257

Notts:

(a) This* statistics an calculatedJmtht 1993 Univtnity of Cincinnati data set

(b) Tht 1-ytar and 2-ytar hotuts an not At son* hows, Tfun an a total of 38 houses; 17 of Atst had
btm nmtdiaUd lytarago, and 21 hadbtm nmtdiattd 2ytan ago.

MQXI* SON 1*31 AM
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5.2 The Elinois Department of Public Health Paint Lead Measurements are Valid

The Priocetoa Gamma-Tech XRF paint lead readings, which indicated markedly elevated levels of

lead in paint, have been validated using the SciTec XRF device and by atomic absorption analysis of paint

chips.

MM 1*31 AM
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6 Discussion and Conclusions

^ifg?
6.1 Soil Rerifipfel in the Absence of Other Interventions that Address Other Lead

Sources Does not Reduce Lead Exposure

EPA has justified its decision to address lead exposure in Granite City by removing contaminated

residential soil on the basis of predictions made by the Agency's Integrated Exposure Uptake Biokinetic

(DEUBK) model For example, EPA states that "... the IEUBK model can be used at this [the NL

Taracorp] site, with appropriate site-specific input parameters appearing not much different than standard

model parameters" (Marcus, 1994, p 58). However, the IEUBK model, as used by EPA, assumes that

70% of the lead in interior housedust derives from soil tracked in from the outside (US EPA, 1994). As

noted in Appendix C, empirical measurements of this transfer coefficient have yielded considerably lower

values. Moreover, the model makes no allowances for lead sources that may continue to contaminate

exterior soil. In other words, the assumptions underlying the model imply that soil is die main source of

lead in interior housedust, and moreover, that removal of the lead in exterior soil will be permanent and mat

such removal will substantially decrease interior dust lead concentrations. Applying the model to the

Granite City population suggests that soil removal will substantially decrease childhood lead exposure

since the model assumes that children ingest between 85 and 135 mg of soil and interior housedust each day

(US EPA, 1994). Both the University of Cincinnati Study at Granite City, and other studies, do not

support EPA's plans to remove lead-contaminated residential soil before addressing other sources of lead

contamination.

Section 5.1 donimcnfiT tf"TC y*r of findings from the University of Cincinnati study that cast doubt

on the efficacy of soil removal as a means to reduce lead exposure in Granite City. Section 5.1.1 identifies

two lead conta^^^Ki sources — rreHfnti?! lead paint, and street dust apparently transported from the

Taracorp site -••̂ ^ •̂•bear to be important. In the case of rf^'dfrf'^l paint, lead concentrations often far

exceed the concentrations found in soil The Path Model, which reflects the data collected in Granite City

(see Figure 5-1), illustrates the importance of these sources and pathways. EPA's IEUBK model, in

contrast, does not adequately characterize the flow of lead between various source pools', including sources

contributing to lead in interior dust

iOM 1(31 AM
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Dr. R. Kimbrough's study of Granite City (Kimbrough tt a/., 1995) also suggests that paint,

especially when it is in poor condition, is an important source of lead contamination. The results in the

Kimbrough studyrjjffted that "lead in paint together with the condition of the house were the main

contributors to the dust lead variance (26%) with soil lead 3TrC"H"tiig for an additional 6%." In other

words, residential lead paint is approximately four times more important than soil lead concentrations in

explaining the variance in dust lead concentrations in Granite City.

Other studies also point to the potential importance of lead paint relative to lead in soil, especially

when the lead concentration in that paint is high and the paint is in poor condition. For example, Don

Ryan, Director of the Alliance to End Childhood Lead Poisoning wrote in a letter to EPA/ECAO (Ryan,

1994) that "[EPA's] three cities studies appear to confirm our belief that the most intensive exposures come

from lead-based paint and interior dust and that the benefits of soil abatement as a stand-alone strategy are

modest in most cases." In feet, as noted below, only in Boston did investigators observe statistically

significant changes in blood lead levels after soil abatement was conducted (US EPA, 1995). However,

soil lead concentrations were considerably higher in Boston - on the order of 2,000 ug/g (Aschengrau,

1994) — than they were in either Baltimore or Cincinnati. These findmgf suggest that soil remediation, if

effective at all, is effective only when soil lead levels are substantially elevated.

Data from the University of Cincinnati study also indicate that lead transported from the Taracorp

site continues to be an important contamination source. Street dust lead levels remain high more than a

decade after lead smelting operations ceased at the Taracorp site (see Appendix B, Table B-2, page 6 -

Lead Concentrations and loading; for street dust samples collected in August, 199S). Since streets are

cleaned often (by either the city or by rain), the lead levels now observed cannot be the result of historic

smelting operations. Two ?<m*innai points should be noted. First, the lead if>a/tingf listed in Appendix B,

page 6 are extiflMEhigh. Note that the units reported are mg/m*, so that the highest lead loadings

reported are onHEer of 5 g/ m2. Second, the data listed in Appendix B, page 6 reveal that the lead

loadings adjacent to the Taracorp site are higher (average - 2,737 mg/m1) than those that were measured at

other locations (average » 1,168 rag/in3), again supporting the hypothesis that the Taracorp site continues

to act as a source of lead contamination for Granite City. The path model based on the University of

Cincinnati data, altwr with data in/ti/*at''"fl that street dust lead levels 4*̂ !'"* with distance from the

Taracorp site, former support the possibility that wind action or trucks traveling from the site spread

contaminated dust, dust that is likely to originate within the she and is perhaps attributable to the lead slag

)*
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piles within the site. The importance of this source again indicates that remediation of residential soil alone

will not address substantial contributors to environmental lead contamination in Granite City.

The second finding in Section 5.1 that casts doubt on the efficacy of soil removal on lead exposure

is documented in Section 5.1.2. That section demonstrates that dust lead levels do not consistently decrease

after remediation of soil; in some cases, dust lead levels increase. This finding may reflect the relative

importance of other lead contamination sources (described above). Alternatively, it may reflect inadequate

remediation practices in Granite City. -For example, after removing soil from contaminated yards,

abatement contractors do not always cover the abated area during the interval prior to replacing the

removed soil with clean fill. This practice may disturb and uncover contaminate soil, making it more

available to contaminate the surrounding environment as the result of wind action. In other cases,

abatement contractors have failed to completely cover with plastic contaminate^ soil that is removed from

yards to prevent it from being spread. These '***&*$**** remediation practices may disturb and redistribute

lead in the soil, contaminating both exterior and interior housedust

The final finding in Section 5.1 casting doubt on the efficacy of soil removal is the potential for

recontamination of soil after abatement (Section 5.1.3). Specifically, paint has much higher lead

concentrations than does soil, and hence can potentially rncontaminate clean soil. Street dust lead levels are

also elevated. Second, empirical measurements of soil lead concentrations recorded during the first and

second year after soil removal (Table 5-5) verify that soil lead concentrations remain elevated (more than

500 ug/g) in many yards.

The finding^ from the University of Cincinnati study support the dam that remediating soil prior

to aA*"^fi"g other cogta™"Jrtion sources will not effectively decrease lead exposure among the Granite

City populationJflM^oducted, soil remediation may increase lead exposure. First, as noted above, soil

remediation catf^HEft dnff \rt4 concentrations by rrt*atif*g lead from the soiL In add**1'"", large-scale,

highly visible i^SIZiinn efforts might give the Granite City community a false sense of security,

suggesting to them that the lead problem has been addressed, when in reality the situation persists. It is

conceivable t"at some parents may relax their vigilance after remediation of yard soil, putting their children

at even greater risk of exposure to lead in both external dust and interior housedust

»M*U 1WNMIFM
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Remediation strategies that address multiple media at other sites confirm that focusing on soil

alone at Granite City is ill-advised Aschengrau et al. (1994) investigated the efficacy of soil abatement,

along with soil, duggand paint abatement, as part of the EPA's Three-City Study," carried out in the early

1990's. Although soil abatement alone decreased blood lead levels by 1 to 2 ug/dL in the Boston

population, Aschengrau et al. noted that "Soil abatement was not effective among children with persistently

elevated interior floor dust lead loading levels" (p 146) - a scenario comparable to Granite City. The

EPA's integrated draft report for the Agency's Urban Soil Lead Abatement Project notes that abatement of

soil will not result in a statistically significant decline in blood lead levels unless there is "(a) a notably

elevated starting soil lead concentration (e.g., in excess of 1,000 to 2,000 ug/g); [and] (b) a marked

reduction of more than 1,000 jxg/g in soil lead consequent to soil abatement.." (U.S. EPA, 1995, p 6-4).

EPA also emphasizes the importance of addressing multiple sources of lead contamination. For example,

the Agency states that, The maximum reduction in lead exposure will not be achieved unless both paint

and soil abatement are implemented' (p 6-11). The Agency adds that, "At a minimum, when implemented,

both soil abatement and interior dust removal should be performed to be fully effective" (p 6-12).

EPA's proposed remediation plan for the Silver Bow Creek/Butte Area Site (US EPA Region Vffl,

1994) aty> addressed tile multi-media nature fog* often characterizes lead contamination. EPA's Preferred

Response Action included the following tasks (p 4):

"Cleanup interior and exterior lead paint by replacement, encapsulation, paint removal,
and/or house siding as necessary."

"Remove indoor dust contaminated with lead by cleaning: heating ducts, interior surfaces,
and attics, a"4 replacing: inyniatinn cloth furniture, and carpeting."

• "Continue blood-lead testing of young children, lead education and awareness activities"

Commenting o^^HBte «** for EPA, Griffin et al (Griffin et al, 1993) also point out the importance of

addressing lead^B^aint when attempting to reduce lead conraminatrH housedust They state that, The

primary source of lead exposure appeared to be lead-contaminated housedust which was contributed to

indirectly by soil lead and deteriorated lead-based paint"

HttM
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6.2 Paint Lead Concentrations Reported by the Blinds Department of Public

Health are Valid

Results from the University of Cincinnati study show that the Illinois Department of Public Health

correctly identified the number of dwellings with elevated paint lead concentrations. Like the results of the

Illinois Department of Public Health, sampling conducted using the SciTec XRF device revealed that only a

small fraction of dwellings in Granite City have exteriors free of lead paint The SciTec device identified

only two houses out of 35 (6%) that were-lead paint free. These results were further confirmed using wet

chemical analysis of paint chip samples from dwellings in Granite City.

JOMltUAM
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Figure 5-2

Illustration of relative concentrations of lead in soil and paint in Granite City

To be provided
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Granite City Path Model(a)

N = 25 - 38

Exterior House
Paint

0.20
(0.44),

House
Perimeter Soil

(ppm)

0.23
(0.16)

f

Exterior Entry
Dust (ppm)

.•

0.83
(0.0001)

Entry Mat
Dust (ppm)

0.61

0.54
(0.05) *

Interior Floor
Dust (ppm)

t

(0.0013)

b

Notes:

(a) Based on 1995 data from the University of Cincinnati Study.
(b) Values are correlation coeficienu; values in panntheses are p-values.
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Figure 5-2

Illustration of relative concentrations of lead in soil and paint in Granite City

To be provided
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Figure 5-3
Deteriorated Exterior Paint on Dwellings in Granite City

1412 Grand

1429 Grand



Figure 5-3 (Cont)
Deteriorated Exterior Paint on Dwellings in Granite City

1438 Grand
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QA/QC Results
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Introduction

Granite City, afcois Field and Laboratory Quality Control Results

The quality of sample collection and analysis can be monitored by evaluation specific quality
control procedures implemented as a component of a project's sampling and analytical plans. In the
Granite City, Illinois Lead Exposure Study various types of quality control measures were utilized to
assess overall quality including the accuracy and precision of sampling and daily laboratory activities. The
following report summarizes the results of the quality control data generated for the study samples.
Attachment A contains listings of the actual Q.C. samples.

Soil

Soil samples were collected and shipped to the Hematology and Environmental (H&E) laboratories
at the University of Cincinnati for analysis. Samples were dried and sieved to a particle size of <250
microns and analyzed by a laboratory XKF unit, the KEVEX Analyst 770 Delta Analyzer. Collection of
co-located or duplicate samples was part of the study's field sampling design (Table 1). Variation in these
values reflect all sources of variance, including environmental heterogeneity, sample collection, sample
preparation (sieving, splitting, and weighing) and data analysis. In addition, field control samples were
inserted into the study samples prior to delivery to the lab (Table 2).

Analysis by XRF is a non-destructive method. Two bench controls are run with every set of 14
samples analyzed. Limits of ± two standard deviations were established for these controls; and, if the
concentration of one or more of the controls fell outside of the established limits, the entire run was
reanalyzed. The limits for these control samples were:

LEAD Cow) 162-192ppm
LEAD (high) 1051 - 1151 ppm

Information on the controls analyzed within the runs of study samples is presented in Table 3

*"*" 3 University of CincinnatiUOIMtDOC J '



TABLE 1
SOIL Pb RESULTS FOR CO-LOCATED SAMPLES

SAMPLE REPEAT SAMPLE
(PPM) (PPM)

28 . 31
31 31
60 29
7 1 - 8 8
80 • 62
342 276
670 575
767 ' ' 1703

TABLE 2

RESULTS:

Target

N
MEAN

S.D.
%CV.

MINIMUM
MAXIMUM

RANGE

FIELD (BLIND) Q.C. SAMPLES
SOIL(ppm)

303

5
296
9.4
3% '
286
310
24

1633

5
1524
31
2%
1486
1572
86
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TABLE 3
SOILPbXRF

CALIBRATION CHECK SAMPLES

ASSIGNED CONCENTRATION

177 ± 15 ppm 1101 ± 50 ppm

N
MEAN

SJ).
%C.V.

MINIMUM
MAXIMUM

RANGE

7
173.3
4.3

2.5%
167
181
14

7
1052.1
50.3
4.8%
994
1107
113

EXTERIOR MAT INTERIOR DUST AND DUST FALL

Dust samples were collected and then shipped to the University of Cincinnati H & E labs for
analysis. Since almost all of the mat and exterior dust samples weighed less than 2 grams (the minimum
sample weight required for XRF analysis), the samples were digested and analyzed by flame-atomic
absorption spectroscopy (FAAS). Interior dust samples were obtained by using a micro vacuum (2L/min.
personal air sampler) with a cassette attach*** to collect die sample. The sample was extracted from the
cassette by rinsing with distilled deionized water, collecting the rinsate, and evaporating to dryness. This
sample was then weighed, digested and analyzed by FAAS. Because of the additional steps in this process,
reagent blanks and method samples were acceptable based upon quality control limits and laboratory
criteria for acceptability.

Collection of co-located or duplicate samples was part of the study's field sampling design (Table
5). In addition, field control samples were inserted into die study sample stream prior to delivery to the lab
(Table 6).

uoimooc 5 University of Cincinnati



TABLE 4
DUST Pb LABORATORY QUALITY CONTROL SAMPLES

4

N
MEAN
S.D.
%CV.
MINIMUM
MAXIMUM
RANGE

î .
^rcgent

Blank
(Hg)

31
0.15
0.17
114%
<0.1
0.4
0.3

CONTROL AND KNOWN CONCENTRATION
Method
Blank
(Mg)

5
.0.26
0.36
138%
<0.1
0.9
0.8

NIST-E
#1646
28*4
(ppm)

11
23.6
2.6
11%

• 20.3
30.8
10.5

NIST-U
#1648

6550*160
(Ppm)

20
6136
207
3%

5885
6844.
959

NIST-BRS
.#2704
161*34
(ppm)

. 15
150
3.4
2%
142
155
13

R-fflGH
(BULK)

2816*283
(ppm)

4
2685
75
3%

2618
2770
152

R-LOW
(BULK)
488*67
(ppm)

5
471
28
6%
440
517
77

TABLES

INTERIOR DUST

EXTERIOR DUST

DUST Pb RESULTS FOR CO-LOCATED SAMPLES

INITIAL SAMPLE
(ppm)
303
943
959
276
2209
2479 _

REPEAT SAMPLE
(ppm)
264
976
863
377

2329
1317

MUM*
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FIELD (BLIND) Q.C. SAMPLES
INTERIOR DUST (ppra)

161
RESULTS: N 4

MEAN 142.8'
S.D. 10.7

%C.V. 7%.
MINIMUM 132.7
MAXIMUM 157.6

RANGE 24.9

PAINT

Paint samples were collected and shipped to the UCH&E labs for analysis. In the lab, samples
were ground, digested, and analyzed by FAAS. The method detection limit was 10 }ig Pb. The sample
runs consisted of blanks and NIST lead-based paint SUMS. All runs were acceptable and within
laboratory quality control criteria. The results of the paint Q.C. are listed in Table 7.

UOIKUOC University of Cincinnati



TABLE?
PAINT Pb LABORATORY QUALITY CONTROL SAMPLES

CONTROL AND KNOWN
CONCENTRA1

N
MEAN
SJX
%C.V
MINIMUM
MAXIMUM
RANGE

Reagent
Blank
(fg>

,

8
<10« •

0
0

<10
50
-

Powdered
Pb based

Paint
#1579A .

119,950*310
(ppm)

8
119,854
3885
3%

115.813
125,638

9825

Powdered
Pb based

Paint
#2582

208.8*4.9
(ppm)

2
219
55

25%
180
258
78

*Notu: all results <10, except ant value - 50 ppm
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Attachment A

Data Listing for all Q.C. Samples

List of Tables

Table 1
Table 2
Table 3
Table 4
TableS
Table 6
Table?

Soil
Exterior Dust
Interior Dust
DustfallDust

Entry Mat Dust
Paint

Co-located Samples

UOIMUOC
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TABLE 1
Granite City Soil Q.C.

Terence LO Reference HI
177 (ppm) . 1101(ppm)

167 1107
175 1105
174 • 1099
173 • 994
181 999
173 1034
170 ' 1027

10 University of Cincinnati



TABLE 2
Granite City Exterior Dust Q.C.

HISTD LOSTD
2816 PPM 488 PPM

2770.1 516.6

'

NBSE BUS
27.1 PPM 161 PPM

'"i mH l<

22.MHK.7
2iwSOp.s

"1*149.5
147.S

. 149.4
1S3.0
1411
151.1

NBSU MHSOIL
6550 PPM 5S32 PPM

6066.7 5464.0
6105.5 5534.0
5885.0
6007.8
610S.S

MM SOIL REAGENT
1162 PPM BLANK

1173.0 <0.1
1156.0 <0.1

O.I
0.1
O.I
O.I
0.1
O.I
0.1
0.1
0.1
0.1
O.I
O.I
0.3
0.2

DUPLICATE

44.0
61.0
61.0
50.0
66.0
39.0
50.0
30.0
73.0
46.0

DUPLICATE

44.0
61.0
61.0
50.0
64.0
39.0
50.0
30.0
73.0
46.0

DUP.
DIFF

0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0
0.0

%
RECOVERY

103.0

102.0
101.0

MUNI
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TABLES
Granite City Interior Dust Q.C.

HISTD
2816 ppm

2772.3

LOSTD
488 ppm

474.4
440.0

NBSE
27.1 ppm

BRS
161 ppm

1551
151.9

NBSU
6550 ppm

6277.2
6376.2
6162.0
6844.1
6140.4
5911.7

REAGENT
BLANK

0.4
0.2
O.I
O.I
O.I
O.1
0.1
O.I
0.1

METHOD
BLANK

O.I
O.I
O.I
0.9
O.I

DUPLICATE DUPUCATE

27.0
26.0
27.0
25.0

486.0

27.0
25.0
27.0
24.0
486.0

DUP.
DIFF.

0.0
1.0
0.0
1.0
0.0

tttXM
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HI SID
2816 ppm

2626.5
2617.8

TABLE4
Granite City Dustfall Q.C.

LOSTD
(488 ppm)

460.1
466.1

REAGENT DUPLICATE DUPLICATE

54 55

DUP.
DIFF.

0
RECOVERY

101

TABLES
Granite City Entry Mat Q.C.

BRS
161 ppm

147.9
142.0
146.6
146.7

NBSU
(6550 ppm)

6210.7
6213.8
6103.2
6142.6

REAGENT
BLANK

O.I
0.1
O.1
O.1

DUPLICATE

36
39
53

DUPLICATE

36
39
53

TABLE 6

DUP.
DIFF.

0
0
0

%
RECOVERY

103
103
101

Granite City Paint Q.C.
LO Pb PAINT

208.8 ppm
180
250

HI Pb PAINT
119,950 ppm

116.689
119.221
117,272
115.813
123.853
125.638
123.534
116.809

REAGENT
BLANK

<10
<io
<io
<10
<io
<10
<10
50«

DUPLICATE

15200
58000

70
310
60
420

DUPLICATE
14000

58000
70
310
60
420

DUP;
DIFF.
400
0
0
0
0
0

%
RECOVERY

101
100
97
101
103
97

HUM*
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TABLE?
Granite City Co-Located Sample Results

SOIL SAMPLE 1
28

. 31
60
71

. 80
342
670
767

EXTERIOR DUST • SAMPLE 1
276
2209
2479

INTERIOR DUST
303
943
959

uro^oc 14 University of Cincinnati



Attachment B

Analytical

N. Preparation - Surface Dust Samples
0. Preparation - Dust Fall Samples
P. Nitric Digestion of Interior Dust & Dustfall Samples for Lead
Q. Nitric Digestion of Soil & Exterior Dust Samples for Lead
R. Nitric/Peroxide Extraction for Paint Samples
W. The Determination of Lead in Environmental Samples
EE. XRF Analysis of Soil and Exterior Dust for Lead

15 University of Cincinnati



N. Preparation - Surface Dust Samples

Preparation for AlBpigestion

1. Fill in Lab # numbers for 27 beakers in lab notebook starting with the next # number after
the last # number from the previous batch of completed samples.

2. Mark and date 27 100 ml beakers that have been previously washed, rinsed, acid soaked
for 4 hours and rinsed in D.I. HjO with the 27 numbers from the lab notebook for that run
of samples.

3. Place beakers in drier oven for 1 hour.

4. While beakers are in drier oven, pick out random # numbers from the 27 in that run to be
used for 2 High or Low standards.

1NBS-E or NBS-U standards
1 reagent BLANK = RB
1 method BLANK - MB

The standards will have numbers on the cassettes. Write this number next to the lab
number you have selected for that standard.

Next to the number for reagent BLANK write RB.
Next to the number for method BLANK write MB.

5. Next fill in sample # numbers next to your 22 remaining lab numbers along with Family
I.D. # numbers.

6. Move beakers from drier oven to cooling box with tongs for 1 hour. While beakers are in
cooling box, line up sample cassettes on lab bench top next to hoods.

7. About 6" behind cassette lay down a line of overlapping Kimwipes and place your
numbered beakers on them upside down after weighing.

8. jUBgbeakers are ready to come out of cooling box, cover top of lab cart with Kimwipes.
tbalance just before weighing.

9. WBwe 9 beakers from cooling box with tongs and place on the cart Move carat to
balance. Move beakers on to balance with tongs and record weight in log book. Be sure
to match beaker number to lab number.

10. At this point you may remove the beakers from the balance by hand to the cart and bench
top. •

11. After 3 sets of 9 beakers have been weighed and placed upside down on clean Kimwipes
next to sample cassettes. Double check to make sure numbered beakers are lined up in
order to match numbers in log book.

m*»
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12. Set up 27 watchglass covers on clean Kimwipes in front of cassettes. Fill 3 squirt bottles
with D.I. H;0.

13. 4iHP fa** beakers and first sample cassette to area where sample transfer will occur.

14. Using spatula carefully, pry top off of cassette. Tap sample into beaker.

15. Rinse inside of cassette top into beaker using rinse bottle with D.I. H20. Next rinse inside
of cassette and pour rinsings into beaker. Then pry the next ring off and, starting with the
inside top of the' ring, rinse into beaker. Next rinse out the inside of the cassette again.
Remove top filter with tweezers and rinse both sides into beaker starting from back to
front, then front to back. Next remove support pad and rinse the same as was done with
the top filter. Next rinse the inside bottom of cassette into beaker and discard cassette in
trash can. By rinsing from back to front, you will wash more sample out of filter.

16. Move beakers to back of lab batch and cover with watchglass. Move on to next sample.

17. When you come to empty cassette (method BLANK) treat the same as sample. When you
come to 50 ml beaker (reagent BLANK), move the numbered beaker to your rinsing spot
and fill it with 40 to 50 mis of D.L H20 from your bottle. DO NOT rinse 50 ml beaker
into numbered beakers. IT IS ONLY A MARKER.

18. After all samples have been rinsed into the numbered beakers move them to drier oven at
105° C for Pbk or 95° C for As digestion.

19. After all samples have been placed into the frier oven, allow them to remain there
overnight

20. The first thing the next day move all samples into cooling box for 1 hour using tongs.

21. Cut 27 pieces of parafilm about 9 Yi mm x 9 V» mm and place them on Kimwipes next to
balance.

22. After beakers have been in cooling box for 1 hour, calibrate balance and remove with
tongs 9 samples at a time to lab cart with top covered with bench top paper.

Remove watchglasses by Hand without touching beakers, then place beakers on balance
and record weights in lab notebook. Double check to be sure you place the

: next.to the proper lab number. At this point you may handle the beakers.

: from balance and cover the top with parafilm, pulling the parafilm snug but not to
snug as it may shrink and tear later on. Expose the sample to air. Move on to next
sample.

23. After all the samples have been weighted and covered with parafilm, place them in box
with sample sheet Write date the samples were processed

24. Next go to lab notebook and subtract empty beaker weight from (beakers sample weight)
and enter difference in lab book.

RMINUXX: 17 University of Cincinnati



Samples are now ready to be submitted to the Lab technician (Rose) for digestion.
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O. Preparation - Dust Fall Samples

Preparation for ABBDigestion

1. Record lab # numbers for 29 beakers into lab notebook starting with the next # number
from the previous batch of completed samples.

2. Mark and date 29-100 ml and 29-250 ml beakers that have been previously washed,
rinsed, acid soaked for 4 hours and rinsed in D.I. H20 with the 29 numbers from the lab
notebook for that run of samples. (Refer to procedure for cleaning glassware).

3. Place beakers in drier oven for 1 hour, "only 100 ml beakers."

4. While beakers are in drier oven, pick random # numbers from the 29 that run to be used
for 2 High or Low standards.

1NBS-E or NBS-U standard

1 reagent BLANK

1 METHOD BLANK

Next to the number for reagent BLANK write RB

Next to the number for method BLANK write MB

5. Next fill in the sample # numbers next to your 24 remaining lab numbers along with
Family I.D. # numbers and area/Cm2 in log book.

Move beakers from drier over to cooling box with tongs for 1 hour.

6. Use new plastic containers to make up 1 High of 1 Low standards 2 NBS-E or 2 NBS-U,
to do this weight out SO mg on weighing paper and transfer into «mtain*r YOU must mark
the lid with type of standard, weight and lab #. Be sure to enter weight and lab in log
book.

7. ^Hvraark sample containers with Lab # in order from your lab book. Next stack sample
^^HBer on tab bench with standards on blank in their proper order.

8. Using the lab notebook, march place samples and standards in order according to number.
When you come to method BLANK, place on empty container in that space. When you
come to the reagent blank, place a paper towd with Lab # and reagent blank written on it
Lay down a line of overlapping Kimwipes to place your number beakers on after weighing.

9. Cover the top of the lab cart with bench paper. Calibrate balance just before weighing.
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10. Remove 9 beakers from the cooling box with tongs and place on the cart. Move cart to
balance, move beakers on to balance with tongs and record weight in log book. Be sure to
match beaker number to lab number.

11. A^Hs point, you may remove the beakers from the balance by hand to place on the cart
and bench top.

12. Dustfall samples are contained in plastic containers with lids.

13. Using clean forceps remove any obvious foreign objects from the dustfall container such as
insect bodies, leaves, pins, etc.., and discard.

14. Using hot distilled/deionized water in a glass wash bottle, and by scraping with a rubber
policeman, quantitatively transfer the dust fall samples by rinsing to a labeled, acid washed
250 ml beaker. Rinse the inside lid of the dustfall container also. If the dustfall container
is very heavily loaded, an additional labeled 250 ml beaker may be used. When you come
to reagent blank, fill beaker with 100 mis D.I. H20 and cover.

15. Cover each sample with a watchglass supported by two glass hooks. Evaporate the
dustfall rinsings to about 50 ml on a hot plate at about 200° C. If more than one beaker
was used, amalgamate the rinsings.

16. Rinse the concentrate dustfall rinsings with hot distilled/deionized water and scrape into a
tared, acid washed 100 ml beaker. Beaker tare weights will be taken on a calibrated 4-
place analytical balance.

BE SURE TO MATCH LAB # ON 250 ML BEAKER WITH THE SAME LAB 3
ON 100 ML BEAKER.

17. Transfer the covered sample beakers to a drying oven which has a maximum temperature
of!05°C. Dry in the oven overnight

18. Keep the samples covered. Place the samples in a desiccated cabinet to cool prior to
weighing for one hour.

19. Obtain the gross weight of the dustfall sample plus beaker to obtain the total sample
weight collected.
msf

20. flEV point, the samples should be covered with parafilm for storage prior to acid

P Nitric Digestion of Interior Dust & Dustfall Samples for Lead &

Arsenic .

1 . The regents being used are 1M and 7M reagent nitric acid prepared with distilled deionized
water.

««.. . .
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1M = 64 ml HNOj/1 liter D.D. H20 (volumetric)

7M - 898 ml HNOj/2 liter D.D. H20 (volumetric)

leasure cone, acid in a graduated cylinder. Pour acid slowly into the volumetric half-
filled with water, frequent swirling. Make up to volume.

Make up solution 1 day prior to use, to allow for cooling of acid, then bring back up to
volume.

2. To each sample, add 25 ml of 7M HNOj using a repeater pipetter dispenser or acid buret.
Wash down the sides of the beaker.

3. Cover each beaker with a ribbed watchglass, place samples on hot plate at 120°
Centigrade for 2 hours. For arsenic samples stay at 100° Centigrade throughout
procedure.

4. Remove the samples from the hot plate and cool in hood until they are at room
temperature.

5. The entire filtration procedure should take place under the hood. Use a wash bottle filled
with 1M HNOj for rinsing. Set up glass funnels over 100 ml pre-labeled beakers. In each
funnel, place a folded whatman #54 filter paper. Before filtering, wet filter paper and rinse
glassware with about 20-30 ml of 1M HNOj. Discard waste rinse. To filter, decant the
liquid from the sample first, then pour the solids onto the filter. Once this has drained,
wash the beaker with 3 small (3 ml) portions of 1M HNOj, adding each wash to the filter
paper. Rinse the filter paper with 3 small (3 ml) portions of 1M HNOj. After the filter
paper is thoroughly drained it is discarded. Rinse the glass runnel with one small portion
of 1M HNOj.

6. Re-cover samples with watchglasses and place on a hot plate at 180° Centigrade to
evaporate down to dryness. Remove samples just at dryness to avoid burning. For arsenic
samples temp, is 100° Centigrade and can be left overnight to go down to dryness.

7. To re-dissolve lead, add - 3 ml of 1M HNOj (using Pasteur pipets), rinsing down sides of
beakers.

8- ^B$vcr bcakers with watchglasses and put on hot plate at 120° Centigrade for a few
•Vfes (5-10 min.) to mildly beat, some of the 3 ml may evaporate.

9. Cool the samples to room temperature. Pour the remaining sample into a 10 ml labeled
centrifuge tube. Rinse the beaker 3 times with 1M HNOj from a Pasteur pipette. Each
rinsette should be about 1 ml. Bring sample up to volume, shake thoroughly.

10. Samples are then submitted to the A.A.S. lab for determination of lead or arsenic.
Samples are now 6.4% nitric acid.

UOIN&DOC
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Q. NITRIC DIGESTION OF SOIL & EXTERIOR DUST SAMPLES

FOR LEAD AND ARSENIC

Preparation:

1.

2.

3.

Oven dry samples overnight at 105° Centigrade.

Desiccate 1 hour till cool thoroughly mix before weighing.

Weight out 0.1 g (nearest milligram) into a pre-labeled, acid washed 100 ml beaker.

Digestion:

1.

4.

5.

The reagents bebg used are 1M and 7M reagent nitric acid prepared with distilled
deionized water.

1M = 64 ml HNOj/1 liter D.D. H20 (volumetric)
7M = 898 ml HNOs/2 liter D.D. H20 (volumetric)

Measure cone, acid in a graduated cylinder. Pour acid slowly into a volumetric half-filled
with water, frequently swirling. Make up to volume.

Make up solution 1 day prior to use to allow for cooling of acid, then bring back up to
volume.

To each sample, add 25 ml of 7M HNOj using a repeater pipette dispenser or acid buret
Wash down the sides of the beaker.

Cover each beaker with a ribbed watcbglass, place samples on hot plate at 120°
Centigrade for 2 hours. For Arsenic samples stay at 100° Centigrade throughout
procedure.

Remove the samples from the hot plate and cool in. hood until they are at room

i filtration procedure should take place under the hood. Use a wash bottle filled
[ HNO| for rinsing. Set up glass funnels over 100 ml pre-labeled beakers. In each

funnel, place a folded whatman #54 filter paper. Before filtering, wet filter paper and rinse
glassware with about 20-30 ml of 1M HNOj. Discard waste rinse. To filter, decant the
liquid from the sample first, then pour the solids onto the filter. Once this has drained,
wash the beaker with 3 small (3 ml) portions of 1M HNOj. After the filter paper is
thoroughly drained it is discarded. Rinse the glass runnel with one small portion of 1M
HNO,.

Re-cover samples with watchglasses and place on a hot plate at 180° Centigrade to
evaporate down to dryness. Remove samples just at dryness to avoid burning. For

MUM*
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Arsenic samples temperature is 100° Centigrade and can be left overnight to go down to
dryness.

7. agar-dissolve lead, add 3 ml of 1M HNOj (using Pasteur pipets), rinsing down sides of

8. Re-cover beakers with watchglasses and put on hot plate at 120° Centigrade fora few
minutes (5-10 min) to mildly heat, some of the 3 ml may evaporate.

9. Cool the samples to room temperature. Pour the remaining sample into a 10 ml labeled
centrifuge tube. Rinse the beaker 3 times with 1M HNOj from a Pasteur pipette. Each
rinse should be about 1 ml. Keep in mind the total volume is 10 ml. Bring sample up to
volume, shake thoroughly.

10. Samples are then submitted to the A.A.S. lab for determination of lead or arsenic.
Samples are now 6.4% nitric acid.

R. NITRIC/PEROXIDE EXTRACTION FOR PAINT SAMPLES

Preparation:

1. Oven dry samples overnight at 105° Centigrade.

2. Desiccate 1 hour till cool, thoroughly mix before weighing.

3. Weigh out 0.1 g (nearest milligram) into a pre-labeled, acid washed 100 ml beaker.

Digestion:

Should take place under the hood.

1. Add 3 inlomcentiatedHNOi and 1ml 30% HjOjOiver with ribbed watchglass.

2. ^2ga£0n hot plate at 140° Centigrade until most of die acid has evaporated, remove from
I allow to cool.

3. 4H& nil concentrated HNOj and 1 ml 30% H2Oi, take down to near dryness, remove
from heat and cool.

4. Repeat step 3 one more time, remove samples near dryness and allow to cool.

5. Rinse watchglass and walls of beaker with 3 to 5 ml of 10%HNO|. Allow the solution to
evaporate gently to dryness, remove from heat and cool.

6. Add 1 ml concentrated HN03 to residue swirl sample to dissolve soluble species.

man
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7. Next add 40-50 ml of Deionized/distilled water to 1 ml cone, acid solution. Swirl sample
and place back onto hot plate for 1 hour to gently heat at 140° Centigrade. Remove and
cool sample. The remainder of procedure will be finished using D.D. HjO.

Filtration:

Should take place under the hood.

1. Set up glass over 100 ml prelabeled, acid washed beakers. In each funnel, place a folded
Whatman #54 filter paper. Using wash bottle with D.D. H20 wet filter paper and rinse
glassware with about 20-30 ml of water. Discard waste rinse.

2. To filter, decant liquid from sample first, then pour the solids on top the filter. Once this
has drained, wash beaker thoroughly with 3 rinsings, adding each rinse to filter paper.
Rinse the filter paper 3 times also with H)0. Once filter paper has thoroughly drained. It
is discarded. Rinse glass runnel with small portion of H20.

3. Pour the sample from beaker into labeled 100 ml graduated cylinder, rinse beaker
thoroughly. Bring sample up to 100 ml total volume, stopper cylinder and mix vigorously.
Pour sample into prelabeled, acid washed 125 ml wide mouth Nalgene bottle. :

4. Submit samples to A.A.S. lab for determination of lead. Samples are now 1% in nitric
acid.

W. THE DETERMINATION OF LEAD IN ENVIRONMENTAL

SAMPLES

Description

A 10 ml digested interior dust, dustfall, or handwipe sample is submitted for analysis. After direct
analyst of the sample by flame atomic absorption spectropbotometry. All interior dust samples that show
up found Pb levels of 9 pg or less will be set aside for a more precise analysis by MTOK extraction. The
lead is dhhiocajBftti complex and is analyzed by using flame AA.

A. Reagents

All chemicals are ACS Reagent Grade, or equivalent unless otherwise specified.

1. Ammonium Hydroxide

2. Concentrated Nitric Acid

3. Phenol Red Indicator Solution (0.04% w/v in water)
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4. Aqueous Potassium Cyanide (10% w/v)

Caution: Avoid acid. Will form poisonous gas under acid conditions.

5. Aqueous Ammonium Pyrrolidine Dithiocarbamate (2%-w/v). Prepare fresh daily.

6. Methyl Isobutyl Ketone

Saturate with water by shaking 250 ml of MEBK with 5 ml of water immediately prior to
use.

7. Ammonium Citrate Buffer (pH = 8.4)

Place 1200 g of citric acid in a 4 liter beaker. Add 900 ml of water and SO drops of phenol
red indicator solution (see above). Add ammonium hydroxide until all the citric acid has
dissolved and the solution has a definite pink color (pH = 8.4). Cool and adjust the final
volume to 3000 ml.

B. Equipment
*

1. Perkin-Elmer Model 5000 Atomic Absorption Spectrophotometer, or equivalent

2. A set of 50 ml volumetric flasks reserved for the delation/extraction procedure.

EL Direct Analysis Procedure

1. Analyze digested 10 ml sample using flame AA by water aspiration.

2. Turn on the Perkin-Elmer Model 5000 (or 2380) Atomic Absorption Spectrophotometer
and allow to warm up for 45 minutes prior to use.

3. Light to hollow cathode lamp. Adjust the wattage to that recommended on the lamp (e.g.,
10 watts). Allow to warm up for 15 minutes. If a electrodeless discharge lamp is being
used, set the current (mA) to that recommended on the lamp and allow to warm up for 45
minutes.

4. ^^^B|k up the wavelength (217.0 nm) for maximum light throughput (energy).

5. ^Hfc following line pressures: air = 64.0 acetylene - 30.

6. Optimize the burner position for maximum absorbance while aspirating a 10 ppm solution
of lead in 10% (v/v) nitric acid.

7. Start the stripchart (20 mm/min & 10 mv).

8. Activate AA/BG (background correction with Atomic Absorption).

9. Allow 15 min. to warm up.

man, o*»m«»n<
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Calculations

10. When stable baseline has been achieved start analysis.

11. U$5 standard run order, aspirate standard blank, 1 ppm, 5 ppm, 7 ppm, 10 ppm , and
~~~~' '. blank. Then aspirate 5 ppm NIST, 10 ppm and standard blank then aspirate 7

I standard blank.

12. Start aspirating samples and allow enough time between to achieve baseline.

13. After every 10 samples aspirate one of the standards-this should agree within 5$ of the
previous response. If okay go ahead. If not respirate all the standards and reaspirate the
10 samples again and run 1 standard.

14. Any samples that respond over 9 ppm set aside for later dilution.

15. For every 25 samples there is one sample selected for duplication.

16. For every 20 samples there is one sample selected for recovery: (a) take 1 ml of 1 ppm of
Pb standard and aspirate.

17. When all samples have been aspirated in standard run order. Aspirate 5 ppm NIST then
aspirate all the standards again. t-

18. Samples that need dilution must be roughly determined using high standards and then
diluted appropriately, a) then they can be analyzed using lower standards.

1. Plot the measured peak height from the strip chart vs. the amount of lead added to each
standard solution.

2. Measure the peak height in millimeters for each sample.

3. Translate the measured sample peak height into an equivalent number of micrograms by
means of the calibration curve. This gives the amount of lead in the original sample
(g/ml).

ug/ml by initial volume (10 ml) to achieve ng found.

dust samples that show fig found Pb levels of 9 ng or less will be set aside for
extraction.

6. All dustfall samples that show pg found Pb levels of 3 ng or less will be set aside for
MffiK extraction.

7. Recoveries measured by (orig. sample + l)/2 x 100% - Rec.%

Extraction Procedure
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Once extracted the samples are stable for approximately 6 hours.

1. Transfer the measured pre-direct analyzed solution to a 50.0 ml volumetric flask with the
jBjii solution volume including rinsings not to exceed 25 ml.

2. Add 5.0 ml of the ammonium citrate buffer and 3 drops of 0.04% phenol red indicator
solution.

3. Add ammonium hydroxide dropwide to adjust the pH to 8.2 (vivid pink from bright
yellow, approximately 50 drops)

NOTE: phenol red is pale pink at very acid pH as would be encountered initially. During
pH adjustment, the sample will change from pink to bright yellow to vivid pink.

CAUTION: THE SOLUTION MUST BE BASIC BEFORE PROCEEDING

EE. XRF ANALYSIS OF SOIL AND EXTERIOR DUST FOR LEAD

AND ARSENIC

Sample Drying:

The soil sample in the bag is desegregated by crushing with gloved hand or with a stainless steel
spoon. The entire sample is poured from the bag onto a 6" or 9" plastic plate, that has been labeled with
corresponding lab number.

The plate is covered lightly with paper towels. Soil must be air dried until a constant weight is
achieved (can be up to 5 days). All records of drying dates and weights are logged in a lab notebook.

Sample Sieving:

All sievjnrtakes place under a hood with the exhaust fan operating.

.̂ ^__ L sieve pans, 2 mm sieve, and 250 urn sieve. Place the 2 mm sieve on one pan. Pour
the entire dry^B^nto the sieve. The entire sample should be passed through the sieve, using a stainless
steel tool such as a spatula or spoon to desegregate particles.

bags.

The stones and other material larger than 2 mm may be discarded.

The fraction that passes the 2 mm sieve is now called the 'fraction 1 & 2 and is stored in plastic

The material in the sieve pan (Total Soil Fraction) is place in a pre-labeled glass storage jar,
(Quorpak, 4 oz.) Stir the soil in the sieve pan well and remove an aliquot of the soil.
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The remainder of the soil in the sieve pan is placed in the 250 urn sieve on a second clean sieve
pan. By gently desegregating the soil with a stainless steel tool such as a spatula or spoon, and by shaking
the pan, work th^BMtthrough the sieve until it appears that no more material is passing through. The
portion that does n^Jass the 2SO um sieve may be discarded. The soil inn the sieve pan is placed in a pre-
labeled glass storage jar. This fraction will be identified as the "Urban Soil Fraction" (U).

Cleaning of Sieves:

Sieves are cleaned between samples by tapping on a bard surface, brushing out, and inspecting for
remaining particles. Same "blinding" of thd sieve is inevitable, as particles become lodged in the screen.

Drying Samples to Constant Weight:

The samples are weighed on a 2-place analytical balance and the weight recorded in a drying
record notebook. Samples are considered at constant weight when 2 successive weighings have recorded
less than O.Sg difference (less than -0.5%). Drying between weighings may be done with a minimum of 2
hours in a drying oven (max temperature 105°C) or a 24 hour air drying period. *

Aliquoting Samples for Analysis:

Care should be taken to thoroughly mix the sample by tumbling and stirring before removing the
aliquot for analysis.

XRF Analysis for Lead

Approximately 2g of loose sieved soil will be weighed and placed into labeled sample cups
(Chemplex Industries. Inc., Cat No. 1530). fitted with windows of Vi mil thick X-ray polypropylene film
(Chemplex Industries, Inc., Cast No. 425).

The instrument configuration for the Kevex Delta Analyst Energy Dispersive X-ray Spectrometer
is:

1. j^^KAnalyst 770 Excitation/Detection Subsystem:
«K»-
a. " X-ray tube: Kevex high output rhodium anode

b. Maximum power supply: Kevex 60 kv, 3.3 mA

c. .Detector/cryostat Kevex Quantum - UTW lithium, drifted silicon. 165 eV
FWHM resolution at 5.9 KeV

2. Kevex Delta Analyzer

,*».* «v*»w
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Computer mainframe: Digital Equipment Coip. PDF 11/73

Computer software: Kevex XRF Toolbox n, Version 4.14

c. Disk drives: Iomega Bernoulli box, dual drives, 20 MB

d. Pulse processor Kevex 4460

e. Energy to digital converter Kevex 5230

3. Operating conditions:

a. Excitation Mode: Mo secondary target with 4 mil thick Mo filter

b. Excitation conditions: 30 kV, 0.5 mA

c. Acquisition time: 200 livetime seconds
•5

d. Shaping tune constant 7.5 microseconds

e. Sample chamber atmosphere: air

£ Detector coUimator Ta

4. Analytical conditions:

a. Escape peaks, and background are removed from all spectra

b. The intensity ratio, defined as the integral of counts in the Pb (LB) window
divided by the integral of the counts in the MO (KA) Raleigh scatter window, are
octffnrv^cd lor fiM?o spcctnuu

•
The intensity ratios for the standards are used to determine a linear least squares
calibration curve.

5. Calibration standards:

The following Cincinnati Soil and EMSL Las Vegas Standards used to produce two calibration
cures. Sample concentration is determined using the calibration curve in which its intensity ratio falls. The
two curves consist of concentration ranges of 11-4,142 ppm and 4,142-21,867 ppm. The standards were
analyzed by an SRF analysis done in the EMSL Las Vegas lab.

ppmPb

MCJIlt

UOIM&DOC 29 University of Cincinnati



11
40

175
423
752

1,040
2,446
4,142

13,885
21,867

6. Calibration check:

The 175 and 1, 040 ppm standards will be used as calibration checks.

XRF Analysis for Arsenic

Approximately 2g of loose sieved soil will be weighed and placed into labeled sample sups
(Chemplex Industries, Inc., Cat No. 1530), fitted with windows of V* mil thick X-ray polypropylene film
(Chemplex Industries, Inc., Cat No. 425)

The instrument configuration for the Kevex Delta Analyst Energy Dispersive X-ray Spectrometers
is

1. Kevex Analyst 770 Excitation/Detection Subsystem:

END OF ATTACHMENT A
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Appendix B
The complete Bornschein dataset
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Table B-l
1994 University of Cincinnati Data Set

ST NO
2030
2146
2124
2128
1410
1412
1413
1415
1417
1418
1419
1424
1425
1429
1431
1436
1437
1438
1440
1442
1443
1447
2129
1413
1415
1425
1429
1433
1439
1441
1400
1406
1408
2142
2158

ST NAME TYPPROP DFALLDAY WTMATFIN
BENTON
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON
MADISON
MADISON
MADISON
MADISON
MADISON

STATE
STATE
STATE
STATE
STATE

C
C
C
C

PR
R
A
R
A
R

PR
R
A
R
R
R
A
R
R

PR
PR
A
C

AR
AR
R

PR
A
A
A
A

AR
PR
C
C

28
30
32

^Jft.-._g

MRP
31
34
31
31
32
31
32
36
36
32
34
.

•

32
33
33
19
19
32
33
33
33
.

30
,

.

31
33

0.02
•

9.43
t

\ 27.55
1 40.04
(

. ,

0.48
9.55

9

0.96
1.35
19.05
14.37
7.73
4.74

•

5.87
m

4.58

^

•

^

p

6.05
2.36

f

10.03
s

• 1.95
t

t

0.56
1.45

TOTWTMAT
1.89

g

17.8
9

38.18
46.47

.

.

1.3
12.73

f

2.65
2.9

35.31
18.25
5.89
7.79

t

13.12
f

8
m

^

f

9

12.77
4.47

,

11.58
t

5.71
,

.

2.39
3.82

MAT DAY
14
.

27
,

27
21

t

,

25
21

m

20
19
20
36
36
27

m

20
.

25
,

,

,

.

27
33
,

33
t

25
•

f

21
19

DFALLGMS
0.25
0.13
0.05
0.09
0.08
0.08
0.09
0.08
0.16
0.09
0.16
0.34
0.07
1.45
2.63
0.11
0.07
0.04
.
.

0.11
0.09
0.07
0.09
0.04
0.14
0.26
0.11
0.39

0.16
.
.

0.03
0.05

XRFPB P
298
2729
1513
650
32

3635
1215
1089
910
2065
1312
2852
2210
2330
1250
938

14238
10373
2105
34
630
1780
1757
30
28

1868
104
1359
2333
2715
1787
26
48

1879
400

XRFPB C
373
288
189
148

2159
2243
2182
1782
2371
4840
3124
2869
1531
2193
2247
2967
2240
1838
2281
213
1133
3781
526
190
90

1420
2351
1331
1829
226
2025

24
125
571
420

XRFPB X XRFPB Y PAINTPPM
224
1194
1746
181
218
1076
284
190
845
3368
1094
3253
614
2350
1705
753
1220

72496
1160

B

1500
651
1415
773
511

2424
1107
7635
1210

f

788
m

551
438
368

2463
217
320
319

565
606
334
776
469
681
443
665
1045
416
1102
675
569
712
705
228
171

* 164
183
145
179
216

t

556
•

277
521
318

t

136342
6933
16344

>.
'•'
*

.

,

2928
27476
23059

f

.

157000
.
.

40496
.

• ' '

.
178

41488
.

28549
f

56555
2104

.

.

56713
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Table B-l
1994 University of Cincinnati Data Set

ST NO
2030
2146
2124
2128
1410
1412
1413
1415
1417
1418
1419
1424
1425
1429
1431
1436
1437
1438
1440
1442
1443
1447
2129
1413
1415
1425
1429
1433
1439
1441
1400
1406
1408
2142
2158

ST NAME PBPPM D
BENTON
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON
MADISON
MADISON
MADISON
MADISON
MADISON

STATE .
STATE
STATE
STATE
STATE

403
.

1141
.

480
608

,

1070
890
109

4878
462
839
6385
1094
258
2684

m

442
,

1462
1155

,

.

.

655
.

.

.

,

551
377
638
403
365

DFALLPPM
176
1920
4011

Mm
5pPw
454
908
513
880
2494
432
1141
21

2091
896
4863

,

.

974
1400
376

64378
4060
2966
859
710

36990
.

527
,

,

540
634

XRFPB Z PBPPMMAT
.

55
95

. 192
I 195

I 143

n 253
154
309
52
224
87
272
444

,

59
827
86
105
,

299
388
202
946
102
71
104
.

98
.

428
.

340
415
399

594
t

1631
.

439
148
.

,

596
115
.

2355
277
1878
283
648
1378

,

364
,

396
,

.

,

m

877
3635

,

8636
,

546
.
.

589
471

FL AREA
1250

.

1875
,

1875
2550
.

2500
1875
2500
1875
2500
2500
3125
2500
1875
1875

a

2500
,

1875
1875

,

,

.

2500
,

.

,

.

1875
2500
2500
1925
1875

TOTWT X WT D MAXINT P
30
147
228
21
24
122
30
22
102
385
126
364
67
285
192
84
138

8250
124

a

156
67
165
84
56

343
132
820
138
.

92
f

64
23
39

285
,

84
.

144
11
,

290
138
82

460
14
27
295
1170
2000
6000

m

212
>

120
625

%

m

9

100
t

^

,

,

46
27
156
10
63

0.3
.

27.1
.

0.5
3.6
.

0.7
3

39.2
1.8
2.3
6.2
0.5
2.5
5.5
3.3

^

2.9
f

0.9
12.6
0.1

^

t

5.5
.

f

,

.

0.2
2.5
1.3
4.4
2

MAXEXT P
0.2
44.3
9.4
1.1
1.8
10.1
1.7
18.1
.

38.6
17.3
13.2
31.9
28.3
21.8
9.1
1.7
17.1
3.2

f

2.8
.6.2
14.6

m

8.9
18.9
39.8
7.7
1.8
.

1.3
0.4
0

18.1
1.2

PA1NTPOS ENT AREA
0

87.5
44.4

0
11.1
66.7
33.3
22.2
44.4
55.6

• 37.5
44.4
23.1
11.1
36.4
55.6
33.3
50

44.4
.

30
44.4
22.2

f

75
44.4
33.3
25
25
.

14.3
9.1

22.2
44.4,
11.1

2
2
2
2

('
'

2
2
2
2
2
2
2
2
2
2
2
2
;

2
2
2
2
2
2
2
2
2
f

2
2
2
2
2

ST AREA
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
2
2
2
2

2
2
2
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Table B-l
1994 University of Cincinnati Data Set

STNO
2030
2146
2124

1415
1417
1418
1419
1424
1423
1429
1431
1436
1437
1438
1440
1442
1443
1447
2129
1413
1413
1423
1429
1433
1439
1441
1400
1406
1408
2142
2138

ST NAME ALL AREA DFALLRAT
BENTON . 382.64
DELMAR
EDISON

1
EDISON
QRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

1098.76

283.47
192.91

•

149.78
736.99
189.39
723.48
3235.71
122.16

GRAND 1 3021.84
GRAND . 186.64
GRAND 1 1018.32
GRAND 1 304.34
GRAND 1
GRAND 1
GRAND
GRAND 1 318.81
GRAND
GRAND

MADISON
MADISON
MADISON
MADISON
MADISON
MADISON
MADISON

'STATE
STATE
STATE
STATE
STATE

619.82
p

,

.

1579.86
.

,

f

^

453.41
f

f

77.12
152.82

MATPB LD
30.24

•

33728.34
.

26522.36
16708.2

,

.

677.55
3096.53

,

6693.07
1165.34
105914.1
6688.58
8238.44
14323.75

B

6325.61
•

4295.5
t

•

m

•

11635.48
15392.02

a

155414.9
•

2521.62
.
.

929.99
2128.28

PBLOAD D
2280

,

448
.

768
43.14

•

1160
736
328

2453.33
56
108
944
4680

10666.67
32000

,

848
^

640
3333.33

9

t

f

400
^

B

f

t

243.33
108
624

51.95
336

PBLOAD X
240
1176
1824
168
192
976
240
176
816

3080
1008
2912
536

2280-
1536
672
1104

66000
992

B

1248
536
1320
672
448
2744
1056
6560
1104

f

736
.

512
184
312

93UU»
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Table B-l
1994 University of Cincinnati Data Set

Notes
STNO
ST_NAME
TYPPROP
DFALLDAY
WTMATFIN
70TWTMAT
MAT DAY
DFALLGMS
XRFPB.P
XRFPB C
XRFPB X
XRFPB Y
PAINTPPM
PBPPMD
DFALLPPM
XRFPB Z
PBPPMMAT
FL.AREA
TOTWTJC
\VT_D
MAXINT P
MAXEXf P
PAINTPOS
DFALLRAT
MATPB_LD
PBLOAD_D
PBLOAD X

Street number
Street name
Type of Properly (PR - previously remediated. A ° adjacent, AR ••
Days of dust fail accumulation
Weight of seived |̂Mhtf|just (g)
Weight of dust on^^M
Days of dust aocuffMHBqn entry mat
Weight of dustfall(g)
Perimeter soil Iftd 5yMirM*!|irt^>n (ppm)
Curb soil lead concentration (ppm)

[ion of lead in trtTTior entry dust (ppm)

iy after remediation, R ™ prior to remediation, C = control)

itiOT of lead in ttrrtt dust (ppm)
(ppm)

(ppm)
tion of lead in alley dust (ppm)

^in of lead in *n>*Tior entry "mt dust (ppm)
Floor area sampled (cm2)
Batty duct weight
Floor duct weight
Kfaximum intwiof lead paint loadimr (nuc/cm2)
Maximum CTICTJOT lead pa'fit loading (jos/oo2,)
% of painted surnoes tfstfd positive for Iry*
Exterior dust fall lead l/iftr>jig per nx?nth (ug/m2/mouth)
Mat dust lead V^>'««j per """«h- transfer rate (ug/m2/month)
Interior floor dmt l^ftfl loading (ug/m2)

lead kudiBg (ug/m2)

HMU
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Table B-2
1995 University of Cincinnati Data Set

Street*

1630
1640
1642
1728
1621
1624
1628
1633
1635
1636
1636
1638
1640
1641
1627
1643
1401
1410
1412
1415
1418
1419
1422
1424
1429
1431
1436
1438
1443
1411
1413
1415
1419
1423
1425
1429
1406
1408

Strt«t ,

m
CLEVELAND
CLEVELAND
CLEVELAND
CLEVELAND

DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON
MADISON
MADISON
MAjK
M>^BE
MJK
s*nH^^
STATE

Area

G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
0
0
O
G
G
Q
G

Buildinf

0031
0032
0040
0025

'0028
0042
0041
0024
0023
0037
0038
0039
0043
0015
0026
0022
0033
0001
0007
0020
0008
0012
0034
0002
0036
0006
0011
0010
0003
0021
0017
0018
0030
0035 .
0029
0013
0014
0019

Family

1
1
1 .
1
1
1

. 1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1

Apartment

0000
0000
0000
0002
0000
0000
0000
0000
0000
0000

REAR
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

Perimeter soil lead
(ueto

Initial Repeated
109
146
667
120
222
118
66
357
1180
46
74
63
82
125
59
101
219
56
222
670 575
490
654
218
38
75
767 1703
2158
4154
3845
84
69
681
342 276
48
82
117
42
47

Curb Mil

Initial
2879
2738
3291
1074
3780
4695
3665
3433
3420
2068
2068
2647
2016
1448
2261
1817
127
1283
29
31
85
60
51
64
47
71
71

2094
764
68
53
76

' 80
844
1448
1754
135
158

lead (UK/I)

Repeated

-

....

31

88

62
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Table B-2
1995 University of Cincinnati Data Set

Street It Street -

1630
1640
1642
1728
1621
1624
1628
1633
1635
1636
1636
1638
1640
1641
1627
1643
1401
1410
1412
1415
1418
1419
1422
1424
1429
1431
1436
1438
1443
1411
1413
1415
1419
1423
1425
1429
1406
1408

Mid-yard soil lead
*- (UE/rt

K
Initial Repeated

CLEVELAND 142
CLEVELAND
CLEVELAND
CLEVELAND

DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON

92
88
51
354
42
100
70
689
68
47
44
28
116
44
43
62
27
30
28 31
35
38
30
23
88
53 41
158
1770
4257

30
27

MADISON 32
MADISOl̂ -̂60 29
MADISO^Bt'43
MADIS<^BK140
MADISOlB§84

STATE 1 46
STATE 44

Total
weight (g)

2.47
0.33
4.27
1.30
7.03
18.69
4.50
1.51
2.99
0.96
6.31
0.65
3.64
11.11
1.79
1.57
9.79
16.94
25.05
9.44
3.76
38.87
3.70
13.19
23.93
3.89
6.50
32.88
48.57
0.72
44.76
3.01
11.82

. 10.40
49.83
37.78
10.39
19.52

Exterior dust sample

Lead cone. Dust loading
(ug/g) (g/m2)

2,493.70
1,329.50
931.10
824.30

1,566.20
122.20

1.090.60
5,495.50 .
1,408.90
1.315.80
1,566.70
1,002.80
3,080.80
669.20
407.30

1,403.00
15,103.40
326.70

1,524.70
276.20

1,747.40
2,322.50
30,555.60
2,268.60
1,987.60
2,479.00
L703.50
18,822.40

707.60
7.819.30
2,170.50
2,057.80
2^08.50
1,703.30
803.50

1,771.20
812JO
1 .284.60

13.29
0.89
22.98
7.00
18.92
100.59
24.22
5.42
16.09
5.17
33.96
3.50
19.59
59.79
9.63
8.45
52.69
91.17
134.82
50.81
20.24
209.20
19.91
70.99
128.79
20.94
34.98
176.96
261.40
3.88

240.90
16.20
63.61
55.97
268.18
203.33
55.92
105.06

Dust lead
loading (ug/m2)

33,149.82
1,180.63

21,397.56
5,767.25
29,628.70
12,291.94
26,413.02
29,773.71
22,672.08
6,798.31
53,205.35
3,508.07

60,353.85
40,013.83
3,923.81
11,854.89

795,788.20
29.785.34
205,556.97
14,032.52
35,360.65
485,859.10
608,460.82
161,043.35
255.983.38
51,899.86
59,593.04

3,330,787.19
184,967.75
30.299.85
522,865.45
33,335.71
140,493.09
95,337.68
215.484.90
360,138.57
45.417.02
134.954.64

Exterior dust sample,
repeated

Total Lead cone,
weight (g) (ug/g)

" •

-

3.49 376.50

2.08 1,317.20

5.65 2,328.80
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Table B-2
1995 Univenity of Cincinnati Data Set

Street*

1630
1640
1642
1728
1621
1624
1628
1633
1635
1636
1636
1638
1640
1641
1627
1643
1401
1410
1412
1415
1418
1419
1422
1424
1429
1431
1436
1438
1443
1411
1413
1415
1419
1423
1425
1429
1406
1408

Street

CLEVELAND
CLEVELAND
CLEVELAND
CLEVELAND

DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON

-~ • - Interior dust sample

W5»
0.03
0.12
0.09
0.20
0.21
0.03
0.03
0.21
0.05
0.03
0.10
0.26

0.02

0.16
0.17
0.02
0.05

0.07
0.03

0.04

0.02

MADISON 0.02
MADISON 1 0.02
MADISONflKfr
MADISON^^R£
MADISON^HE

STATE ^^^TO4
STATE 1

Lead (UK)

21.0
72.0
102.0
147.0
52.0
36.0
12.0
110.0
30.0
11.0
28.0

211.2

7.1

34.0
108.0
6.6
24.0

96.0
23.0

35.0

10.0

11.0
15.0
38.0

12.0

Lead cone,
(ugfe)

642.2
618.6

1.075.9
720.2

• 251.5
U53.4
415.2
531.1
600.0
347.0
281.4
804.9

327.2

216.0
651.8
302.8
521.7

1,463.4
782.3

958.9

448.4

569.9
943.4

- 742J

319.1

Dust loading

0.17
0.62
0.51
1.09
1.10-
0.14
0.15
1.10
0.27
0.17
0.53
1.40

0.12

0.84
2.65
0.12
0.25

0.35
0.16

0.19

0.12

0.10
0.08
0.27

0.15

Dust lead
loading (ue/m2)

112.00
384.00
544.00
784.00
277.33
192.00
64.00
586.67
160.00
58.67
149.33

1.126.40

37.87

181.33
1.728.00
35.20
128.00

512.00
122.67

186.67

53.33

58.67
80.00
202.67

48.00

Interior dust quality control
sample .

Total Lead coi
weight (f) Lead (ue) (ue/t)

.

0.02 6.1 264.1

0.1 82 863.2

0.03 29 976.4

ncant
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Table B-2
1995 Univenity of Cincinnati Data Set

Street*

1630
1640
1642
1728
1621
1624
1628
1633
163S
1636
1636
1638
1640
1641
1627
1643
1401
1410
1412
1415
1418
1419
1422
1424
1429
1431
1436
1438
1443
1411
1413
1415
1419
1423
1425
1429
1406
1408

Street ^ Interior dust field blank

4taA^Kal Lead cone.
wSSt(e) Lead (UK) (UK/K)

CLEVELAND
CLEVELAND
rT.EVET.AND

CLEVELAND
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND 0.10
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND 0.10
GRAND
GRAND
GRAND

MADISON
MADISON
MADISON
MADISON ___^ 0.10
MADISON ••*
MADISON •̂J;
MADISON^HK

STATE
STATE

First paint chip sample

Total
weight (e)

0.07
0.49

• 0.46
0.19

0.47
0.44
0.71

0.56

0.37
0.12
0.68
0.03
0.18

0.40
0.25
0.65
0.14
0.50
0.57
0.31
0.80

1.02
0.50
0.14
0.92
0.28
0.48
0.10
0.40
0.10

Lead (UK)
830 •

3,570
8,400
570

47,000
50,000
53.100

60

39,750
250

76,950
30

13,500

130,000
8.400
91,800
650

79,650
4,500
1,560

136,000

5.310
69,600
330

15.600
10,500
68.250
16.500
210
470

Lead cone
(UK/K)

12.029.0
7,244.3
18,300.7
3,048.1

99,808.9
114,547.5
74,453.2

107.9

106,797.4
2,061.0

113.848.2
1,052.6
74,750.8

321,066.9
33.898.3
141,230.8
4.662.8

160,617.1
7,865.8
4,987.2

169,049.1

5,207.4
140,350.9
2,370.7
17,019.4
37,661.4
143.081.8
157,743.8

529.4
4,648.9

Total
weight (g) Lead (UK)

0.30
0.33

0.10

0.88
0.77
0.39
0.19
0.13

0.48

1.70
0.28
0.44

1.02
0.85

0.59

0.44
0.11
0.13

180
16,100

10

10.500
840?

184.500
250

1.040

38.250

30.600
43,200
310

32,400
58,500

15.600

121,800
110

1,100

lit ad cone.
(ug/K)
599.4

48,765.8

96.1

11.900.7
1,093.6

471.987.7
1.319J
8,106.0

78,866.0

18,032.9
154,617.0

701.4

31.827.1
68,670.0

26,231.7

279,807.0
959.9

8.352.3

Page4of6 University of Cincinnati



Table B-2
1995 University of Cincinnati Data Set

Street*

i

1630
1640
1642
1728
1621
1624
1628
1633
1635
1636
1636
1638
1640
1641
1627
1643
1401
1410
1412
1415
1418
1419
1422
1424
1429
1431
1436
1438
1443
1411
1413
1415
1419-
14231
14251

"2*
1406
1408

----- - Street

m
CLEVELAND
CLEVELAND
CLEVELAND
CLEVELAND

DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
DELMAR
EDISON
EDISON
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND
GRAND

MADISON
MADISON
MADISON

_MADISON
BHADISON
•BADISON
Hg&ms0"

STATE
STATE

Mat dust sample

Total weight
(g>

3.08
0.92
2.11
0.99
0.60
1.56
0.97.
0.36
0.72
1.00
1.50
0.29
0.40
6.03

0.89

9.68
0.80
0.46
0.20

1.63
0.80

1.92

0.55
1.29

0.46
0.30
1.45
2.01

1.44
2.72

Lead cone
(UB/R)
429.1
772.5
508.0
539.4
784.3
790.7
245.8
171.3
499.0
496.4
377.9
474.1

1,690.1
719.9

322.8

166.8
1,430.3
303.8

1,555.4

21,847.2
413.8

1,643.8

1,479.6
728.1

6,300.9
1,168.8
2,376.7
974.7

834.1
337.7

Yean after
abatement

2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
1
2
1
1
1
2
1
1
1
1

2
1
2
1
2

Soil lead cone determined
by EPA in 1991, 1992

Concentration expressed as
ue/f
2,120
2,270
1,220
1,490

1.460
1.620
2,260

1,320

1,300

1.840
2,070
1,630
256

2,730
1.020
1,640
3.450
5,910
1.980
1,520

1,400

1,970

2.810
1.620
3,200'
2.040

1.920

1.430

HUM*
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Table B-2
1995 University of Cincinnati Data Set

Lead Concentrations and loading* for street dust samples
collected in August, 1995

;•• Street Cone Loading
Street # Name (ug/g) (me/ml)

1600
1600
1600
1600

1700
1700
1700
1700

1400
1500

1400
1500

1400
1500

State
Edison
Delmar
Cleveland

State
Edison •
Delmar
Cleveland

State
State

Grand
Grand

Madison
Madison

498
1389
2003
1738

247
523
277
838

423
1210

286
592

444
366

1163
3721
5733
2113

319
1553
686

1614

1625
2565

825
2414

162
205

Location
Adjacent to

Taracorp Site
' Yes

Yes
Yes

Yes

Yes
Yes
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Appendix C
EPA's Default Soil-to-Dust Transfer Coefficient of 70% is not Valid

The default assumption employed by EPA in its analysis of the potential benefits of soil

remediation at Granite City is that interior housedust lead concentrations are equal to 70% of the

concentration of lead in soil. That is, EPA assumes that the "soil-to-dust transfer coefficient" is 70%. This

value is inconsistent with site-specific evidence collected by EPA. EPA found that the transfer coefficient

value ranges from 0.29 for dwellings within 1/4 mile from the smelter to 0.55 ("distances to 3/8 mile")

(Marcus, undated, p 63). For the entire community, EPA reported the soil-to-dust transfer coefficient to be

0.385. These values are consistent with the values reported in the literature.

Findings published in the literature also suggest that a transfer coefficient value of 70% is too high.

Investigators have identified a wide range of plausible values for this coefficient A structural equation

model presented by EPA in the Agency's 1991 draft guidance for the ffiUBK model (U.S. EPA, 1991,

Figure B5-2) indicates the transfer coefficient is approximately 50%. Fergusson et al. (1986) used nine

tracer elements to measure the extent to which exterior soil infiltrates homes and comprises interior

housedust The average ratio reported by this investigator was 0.44, suggesting a transfer coefficient of

44%. Moreover, in Fergusson's study, the results from the various tracers used were highly consistent,

with a standard deviation of only 0.06. Fergusson and Kim (1991) reviewed a large number of earlier

studies and compiled data based on 28 tracer elements (this review covered approximately 30 studies,

including Fergusson et al. (1986)). Using values in the literature to estimate the concentration of these

tracer elements in soil, and limiting attention to those tracers that were unlikely to be contaminated by

interior house sources, Fergusson and Kim (1991) calculated mat the ratio of the concentration of elements

in housedust to the corresponding ratio of elements in soil was 0.33, corresponding to a transfer coefficient

of 33%. CaU^HKpxi Standc (1992). concluded that the transfer coefficient was approximately 31%.

Other studies ^^^Berature have used structural equation modeling techniques. However, because these

models are non-Cnear,tt is not possible to infer a unique transfer coefficient from their results. In contrast,

EPA's default transfer coefficient value is 70%.

Finally the pre-abatement and post-abatement data from Granite City casts doubt on EPA's

assumption that interior dust lead concentrations fall by 70 ug/g for every 100 ug/g that exterior soil lead

C-l University of Cincinnati



concentrations are decreased. Recall that the data La Table 5-4 in the main body of this report shows that

interior dust learftoncentrations both increase and decrease following abatement of exterior soil.

401M1MPM
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EX. B



SELECTIO^ OF A LEAD SOIL CLEAN-UP LEVEL FOR THE ML/TARACORP SUPERFUND SITE

Prepared by u,S, EPA, Region v

Several sets of comment-*: to the Proposed Plan at the NL/Taracorp

site have questioned U.S. EPA1' decision regarding the selection of the lead

in <:oil clean-up standards to be used at the site. This document is intended

to respond to these comment*: by netting forth U.S. EPA rationale supporting

this decision.
r*

Lead poisoning in young children is one of the most prevalent and

preventable childhood public health problems in the U.S. today (USDHHS, 1985),

The Environmental Protection Agency's concern wi th the health hazards of lead

is longstanding - The Clean Air Act of 1970 authorized the EPA to set

National Atibient Air Quality Standards (NAAQS) for the regulation of air

emissions of pollutants considered harmful to public health or wel fare; lead

was one of the six pollutants to be regulated. In 1974 under the regulatory

requirements of the Safe Drinking Water Act , EPA Off ice of Drinking Water

1ssudHB» National Interim Primary Drinking Water Regulat ions; again lead

was o^Bffthe 26 contaminants addressed. Since 1975, EPA has increasingly

restricted automobile emissions; all new cars since 1975 have been equipped

with catalyt ic converters. Because lead destroys the ef fect iveness of these

converters, the use of unleaded gasoline has increased dramatical ly, wi th

corresponding decreases in lead emissions from exhaust. EPA has moved to

accelerate this progress by phasing out lead in gasol ine during the 1980s.



Further reduct ion*: in the Na t iona l Ambient Ai r Qua l i t y s tandard for l e a d and

the Maxipiuo Concen t ra t ion Leve l for lead in d r ink ing water are expec ted in

1990. JBfrpverall e f f e c t of there con t ro l program*: has been a major r e d u c t i o ni^HSL

in the amount of lead being re leased to the environment.

Lead re leased into the environment in the past from stat ionary

source*: such a* fac to r ies , power plant*: and smel ters and from mobi le sou rces

such as automobi le*; , buses and other form*; of t ransportat ion remain*; a

pe rs i s ten t problem. Deposi t ion and precip i tat ion have resulted in the

accumulat ion of high concentrat ions of lead in the soi l in areas where

s ign i f i cant re leases to the air have occurred. Thus, lead-contaminated so i l s

and housedust have emerged as important contributors to blood lead f

concentrat ions in the general population.

The present action has provided a mechanism for the clean-up of the

lead in the soil at the NL/Taracorp Superfund s i te in Granite City. A r isk

assessment has been prepared by O'Br ien & Gere as part of the Remedial

Invest igat ion for the NL/Taracorp Superfund s i te (Remedial Invest igat ion

Report 1988). This health r isk assessment has correctly identified chi ldren

as the most sensi t ive subpopulation, noting that they are at particular r i sk

to lead poisoning due to their greater lead absorption eff iciency than adults
mmE

and to^Hfe greater probability of exposure to environmental lead in soi l

.̂ ^KthrouglWPB&or play act iv i t ies, mouthing habits and through intentional

ingestion of soil (p ica) . It further identifies two pathways for lead

exposure to the resident population stemming from the Superfund s i te as being

complete: " 1) the airborne route, with lead-bearing soil particulates and

dusts transported from friable soils on the Taracorp s i te to o f f s i te location*:
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fo r rub' iequenr i n h a l a t i o n , and 2) the d i rec t - c o n t a c t rou te , w i t h e x p o - r j "•,- .••

p r e v i o u s l y c o n t a m i n a t e d w i t h lead from p a r t i c u l a t e f a l l o u t from ' m e l t i n g
»

emis*ions 1 n previous years providing a source for ingestion of lead

residuW1. Pathways have been identified a<: complete ba«:ed on contaminant

existence, magnitude, environmental fate, toxicological impacts of component*

released from the site and transport to receptors. The assessment also

acknowledges that "lead in its various environmental forms is able to combine

with a variety of physiologically significant proteins in the body, with

resultant effects on structure and function".

Because children are developing, they absorb and retain more lead

than adultr. Thus, even at very low levels of lead exposure, children can
f

experience reduced I.Q. levels, impaired learning and language s k i l l s , .loss of

hearing, aid reduced attention spans and poor classroom performance. At

higher levels, lead can damage their brains and central nervous systems,

interfering with both learning and physical growth. Needleman (1988) has

provided a review of 110 publications documenting the health effects of lead

in children. He summarized that at low blood lead levels, neurocognitive

effects of lead expressed as diminished psychometric intelligence, attention

deficits, conduct problems, alterations in the electroencephalogram, school

failure and increased referral rates for special needs predominant. He

careful epidemiologic studies, which have controlled for the

s, have set the level for these effects at 10-15

micrograms per deciliter lead in blood. Exposure to lead fn men can cause

increases in blood pressure. These health effects and their associated blood

lead levels have been summarized by EPA and the Agency for Toxic Substances

and Disease Registry (ATSOR), and are summarized in Table 1. Particularly
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n o t - a b l e a re the r i s k s o f l e a d to women o f c h i l d - b e a r i n g age. They include

fern U*>fcproblems and m i s c a r r i a g e ' . In pregnant women, lead can cau r e

impai ^Bftevelopment of the fetus , premature birth*; and reduced birth we igh r r .

The data in Table 2 shows that miscar r iage* : and reproduct ive ef fect* : , such as

premature b i r t h and low b i r th we igh t , may occur at blood lead level'. as low as

10 m i c rog rams per decil i ter*: and possibly lower. It is this growing

preponderance of l i terature that has prompted the Nat ional Center* for D i s e a s e

Cont ro l ( C D C ) to consider the lowering of the blood lead level from 25 to 15

m i c r o g r a m s per dec i l i ter to protect for the health effect*; seen at lower

leve l* : . It is a l s o this same growing accumulat ion of evidence that has led

EPA to reject the sugges t ion put forth by the contractor*; for NL Industrie*: in

their ri*:k assessment that the proposed 15 microgram*; per decil i ter bleod lead

level can be considered as a threshold level for the adverse health effect*; of

lead in chi ldren. This lack of abi l i ty to identify a thresold level for lead

coupled w i t h the understanding that Reference Dose (RfD) methodologies are

bas i ca l l y route-specif ic and do not incorporate s i te-speci f ic information has

led EPA to wi thdraw the RfD for lead. The EPA Environmental Cr i ter ia and

Assessmen t Off ice (ECAO) has suggested instead the use of an uptake/biokinet ic

model ing approach to develop health cr i tera for lead (U.S.EPA 1989b).

considerations have gone into the documentation of a lead soi l

for the NL/Taracorp Superfund site.. The f irst was the

o find a suitable basis on which to perform a risk assessment based

on dose-response relationships given the withdrawal of the RfO for lead. The

second was the EPA Interim Guidance on Estab l ish ing Soil Lead Cleanup Levels

at Superfund Si tes (OSWER Direct ive I 9355.4-02, 1989). This d i rect ive «:ets

forth an interim soil clean-up guideline for total lead in soil at 500 to
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1,000 ppm. However, it a l so allow: that "si te-speci f ic cond i t ion ' may w a r r a n t

fhe use. of so i l c l ean -up leve l * : be low 500 ppm or 'omewhat above the 1CCO ppm

levelj^^This la t te r guidance was used to e v a l u a t e the condit ion*: at the

NL/Taracorp Superfund s i te.

A number of fac tory have influenced the B e t t i n g of a lead so i l

clean-up level for the NL/Taracorp site.

1) The roil at the NL/Taracorp (Granite C i ty ) <;ite has been documented as

contain ing e l e v a t e d level*: of lead (Remedial Invest igat ion Report 1988).

2) Smelter operation*: are known to result in the emission of '.mall

aerosol par t ic les which stay airborne and travel over an extensive area

(Steele 1989). Because the lead deposits at the NL site originated from air

emiss ions from smeltr ing operations, the resulting discharge was as fine
î

particles having a wide area of distribution and deposition. (This area has

not been fully delineated and further soil testing will be needed to determine

the extent of the area contaminated by lead emissions from the NL Industries

operations.)

3) The small particles deposited in the soil can cling to skin, clothing

and children's toys and can be transferred into the indoor environment as

windborne dust or carried in on the shoes or clothing of residents or the fur

of household pets.

4) The small lead particles have high bioavailability, due to their easy

1n the stomach and the chemical form of the lead salts,

low exposures to lead have been shown to have significant health

effects on developing children, especially those pn'der the age of six years.

6) Children who show tendencies toward frequent mouthing activities can

ingest large amounts of soil and indoor dust and hence, large amounts of lead
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(Calabre'e 1989, Binder 1986). There who are n u t r i t i 0 n a l 1y compromised anc/or

exhibit ojca might be at risk for <:evere healm effect-:.

4R£be area of Granite City most affected by the smelter emissions i s

highly residential and contain' a significant number of young children - the

s ubpopulat ion known to be the most sensitive to the toxic effects of lead.

8) Granite City and the surrounding area is h i g h l y industrialized and

residents are likely to be exposed to a complex mixture of toxic substances in

the air and in the s o i l , which may act to Increase the toxic effects of lead

in a synergistic manner. The assessment of health risks from chemical

mixtures is of growing concern to EPA (FR 50 1985).

These factors indicate that there is a high possibility of adverse

health effects in young children living in the Granite City areas impacted by

the NL/Taracorp Superfund site. Accordingly, a soil lead clean-up level of

500 ppm was deemed necessary if this subpopulation is to be fully protected.

This lead soil clean-up level is consistent with the approach being

taken for similiar contaminated sites in other countries, other Region*: in the

U.S. and is advocated by researchers examining lead toxicity in pediatric

populations. In a report to the Ontario Minister of the Environment by their

Lead in Soil Committee, the committee responded to the request that they

review the available literature on lead in soil and recommend "scientifically

soil removal guidelines for lead-contaminated soil (OLSC Report

1987Jfr"committee recommended that a 1000 ppm guideline_level is

appropriate for areas to which children do not have routine access, while a

guideline level between 500 and 1000 ppm is appropriate for areas to which

children do have routine access. The comments of the Royal Society of Canada

were also included in the report. They recommended that for clean-up around
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l ead -p reced ing O r l ead -us ing p l a n t s , s o i l lead l e v e l s o f up to 500 m ic ro gram-:

per dec i l i t e r are a c c e p t a b l e for r e s i d e n t i a l a reas and for garden and
'"» fc

allo^£0t<:, wh i le l e v e l s of up to 1000 ppm should be accep tab le for park land*:

and oWer areas to wh ich chi ldren have only intermittent access . S imi l iar

conc lus i ons have been reached in the U.S. regarding the soi l c lean-up at lead

smelter s i tes ; lead soil clean-up leve ls in such impacted resident ia l areas

in Reg ions I, II and VIII have recent ly been set at 200 t 500 ppm. These are

a l s o the conc lus ions being echoed by researchers in the field. Milar and

Mushak (1982) warned that a definite health hazard ex i s t s to children when

household dust levels exceed either 1000 ppm or 50 micrograms per square

meter. Hie lke et al. (1989) summarized the work of a number of researchers

address ing the question of the safe lead concentrat ion in soil to protect

children from undue exposure with the conclusion that a rapid rise in

population blood lead levels takes place when the lead content of soil

increases from less than 100 ppm to 500-600 ppm. Dr. Mielke has stated in a

personal communication that he believes the safe lead soil level in areas

contaminated with fine lead particles to be between 200 qnd 250 ppm. A

study by Shellshear et al. (1975) in New Zealand concluded that children

exposed to more than 100 ppm lead in soil and who a l so exhibit pica are at

major risk to lead exposure.

«e site-specific conditions presented earlier led Region v to

u*e of a modeling approach to further evaluate the lead soil
.

clean-up level proposed for this site. This approach is consistent wi th the

recent comments received from NL Industries that the incorporation of the

Biokinetic Model and other generic and site-specific data into the development

of clean-up levels for lead are appropriate (NL Industries comment to the
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pub l i c r e s p o n s e , Exh io^ A . The l e t te r from Dr. K r a b l i n , Manager for

Environmental P ro jec t * - , ARCO, i nc luded in Exh ib i t A defend' the EPA In tegra ted

Uptak^teokinetic Model as h a v i n g been "demon*:trated to be a re l iab le

ana ly t ica l method to determine the re la t ionsh ip between environmental lead

concen t ra t ion* : and blood lead concentrat ion*: for EPA lead ru lemak ing" . The

EPA Off ice of Research and Development has examined several other modeling

a p p r o a c h e s , inc lud ing a lead soi l ma t r i x model proposed by the Society for

Environmental Geochemistry and Health (SEGH) Task Force on Lead in Soi l , and

has ind ica ted that the favored approach is the Biokinetic Model. Two recent

technical support documents have been issued which present the rat ionale for

th is mode l ing approach for develop ing heal th cr i ter ia for lead (USEPA 1989b,

USEPA I989c). The Biok inet ic Model provides a means for incorporating^either

<• i t e -spec i f i c or internat ional ly consistent default assumption values

regarding exposure scenar ios and absorption eff iciencies for lead uptake from

various media into the exposure analysis to yield estimates of the relative

contr ibut ions of air, dietary and soil lead to the total estimated lead

uptake.

When s i te-speci f ic data co l lected in Granite Ci ty and soi l lead/dust

lead l e v e l s of 500 ppm and 1,000 ppm were input into the Lead Uptake/

Biokinetic Model, the graphs presented in Figures 1 and 2 were obtained.

Figu^Htees the 500 ppm soil lead/dust lead level , soil ingestion rates of

0. IO&WR- per day as suggested by O'Brien & Gere rather than the defaul t

Calabrese data, air lead levels taken from the Remedial Investigation Report,

and defaul t va lues as listed from the Users Guide for Lead: A PC Software

Application of the Uptake/Bioklnetic Model. No pica was considered; lead in

paint was considered not to be ava i lab le for ingestion (painted surfaces in
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good c o n a i r i o n ) . An U.S. ave rage water lead leve l was inc luded to accoun t fo r

the coofr jbut ion from lead in p lumbing . The model pred ic ted the mean b lood

lead 1H0 for chi ldren under the age of six to be 8 .37 micrograms per
^^^^^^

dec i l i t e r , w i th approx imate ly 8.5 percent of the chi ldren predicted to a t t a i n

blood lead level1: greater than 15 micrograms per dec i l i te r . When a ro i l

lead/dust lead level of 1,000 ppm was subst i tu ted into the model,

approx imate ly 34 percent of the chi ldren were predicted to have blood l ead

leve ls greater than 15 micrograms per decil-iter. This would put 34% of the

Grani te C i t y children above a level which may represent a r isk of adverse

health e f fects . It is notable that the model shows that for most ages, the

so i l / dus t lead intake is greater than 29 micrograms per day whi le the lead

intakes from air and water are nonsignif icant. The model a lso shows that the

500 ppm soil clean-up level appears to be appropriate because further

reductions in food lead levels are anticipated due to the removal of

lead-containing so i l s , to education of residents on ways to reduce lead in take

in children provided by the U.S. EPA and IEPA, and to the possible impact of

reductions in a l lowable releases of lead to the air and in the water expected

from changes to the National Ambient Air Quality Standard and the National

Primary Drinking Water Regulations later this year.

In conclusion, EPA Region V has set a 500 ppm lead soil clean-up

Nl/Taracorp Superfund site. It ii the best professional
" '
fhe staff that this level represents the minimun soil clean-up

level which can be expected to protect the most sensitive Granite City

residents, children under the age of six years.
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TABLE 1

Summary of Lo*esi Observed Sffec: Levels For Lead-induced
Heilih Effects in Children and Adults

C3JSJIVJE2
"

HEME SYNTHESIS

130

20

X

60

50

JO

10

^Md ALA
•M

t

1

JI.HIA

A|«

J.

Adapted (mm U.S. EPA (1986t) with modificav.ont icc ^g to ATSDR (1981*)
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Figure 1

Integrated Uptake/Biokinetic Model (500 ppm soil/dust Pb
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0.2fcO

Die-: DErftULT

D'-in* LIT; Ula^er: 9.88 ug/L DEFAULT
'V fe

Soil 4 House HuS*' Values entered by

age
0-L
1-2
2-3
3-4
4-5
5-6
6-7

oil ( ug Pb/'g )
500.0
500.0
500.0
500.0
500.0
500.0
500.0

House Dust (ug °b/g)
500.0
500.0
500.0
500.0
500.0
500.0
500.0

Additional Dust Sources: None DEFAULT

°aint Intake: 0.00 ug/day DEFAULT

YEAR

0.3-1:
1-2:
2-3:
3-4:
4-5:
3-6:
6-7:

Blood Level
(ug/dL)

5,
7

13
30

9.78
9.22
9.66
9.83
10.01

Total Uptake
(ug/day)

13.73
30.42
32.04
32.24
32.34
33.37
33.08

Soil+Dust Uptake
(ug/day)

3.73
14.99
14.99
14.98
14.97
14.96
14.93

YEAR

J.3-1 :
1-2:
2-3:
3-4:
4-3:
3-6:
6-7:

Diet Uptake
(ug/day)

10.93
12.96
14.33
* ̂ «

*
14.49

7i
.43
.94

Water Uptaki
(ug/day)

• «•*•«•«•««•««<

0.89
2.22
2.31
2.33
2.44

• 2.38
2.62

Paint Uptak«
(ug/day)

^ •• W ̂  IB ̂  ^ ^ «M^ ̂  •

0.00
0.00
0.00
0.00
0.00
0.00
0.00

Air Upt,
(ug/da

0.16
0.23
0.41
0.41
0.41
0.37
0.57
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Figure 2 i
Integrated Uptake/Biokinetic Model (1000 ppm soil/dust Pb + NL/Taracorp site-specific data)
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•a i - Icncer- t-j t ic" : O.ZbO -

Diet: DE~«ULT

Drinking Water: 8.88 ug/L DEFAULT

Sail 4 House Dust: Values entered by user.

0-1
1-2
2-3
3-4
4-5
5-6
6-7

i Soil
1 0 .
1000.0
1000.0
1000.0
1000.0
1000.0
1000.0

fug Pb/g)
60.0

House Dust (ug Pb/q)
1000.0 y

1OOO.O
1000.0
100O.O
1000.0
1000.0
1000.0

Dust Sources: None DEFAULT

Paint Intake: 0.00 ug/day DEFAULT

YEAR

>. 5-1 :

2-3:
3-4:
4-5:
5-6:
6-7:

Blood Level
|ug/dL)

6.21
10.68
12.88
13.47
14.07
14.20
14.27

Total Uptake
(ug/day)

19.48

46'.88
46.98
47. 16
48.04
49.38

Soil+Dust Uptake
(ug/day)

~7~̂ 0
29.90
29.83
29.73
29.60
29.44
29.24

YEAR

)Ts-l!
1-2:
2-3:
3-4;
4-5:

6-7J

Diet Uptake
(ug/day)

~~l5T93~
12.96
14.33
14.49

Water Uptake
(ug/day)

16.94

Paint Uptake
(ug/day)

Air Upt<
(ug/da>

2.6

0.00
0.00
0.00
0.00
0.00

oioo

8:i!
8:3*
0.41
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t u n c

9. VALUES of DEFAULT PARAMETERS

AU Oat

{values of the default parameters «Mch can be changed by the user
follows:

Air Concentration: 0.20 wg Pb/«'
una Absorption: 31-5%
ary AU Cone by tear: NO
Ventilation Rate

Age 0-1: 2.0 m«/day
3.0 m'/day
5.0 mVday
5.0 mVday
5.0 m«/day
7.0 mVday

1-2;
2-3:
3-4:
4-5:
5-6:
6-7: 7.0 mVday

Hater Data: Water Concentration: 8.88 vg/t
Use Alternate Values: NO
Water Consumption

Age 0-1: 0.20 t/day
1-2: 0.50 l/day
2-3: 0.52 t/day
3-4: 0.53 I/day
4-5: 0.55 I/day
5-6: 0.58 t/day
6-7: 0.59 t/day

Diet Data: Use Alternate Values: NO
Diet Intake

Age 0-1
1-2
2-3
3-4
4-5
5-6
6-7;

21.86 yg Pb/day
2S.94 v9 Pb/day
28.71 wg Pb/day
29.05 vg Pb/day
29.53 wg Pb/day
31.10 tig Pb/day
34.26 wg Pb/day

r Use Alternate Dust Values: NO
Amount\Ingested Dally

Agell-1: 0.005/gVday
0.0!
0.

Use

Q. loo

Paint Data; Amount Ingested Dally: 0.0 wg Pb/day (all ages)

Graph Values; GSD: 1.42
Cutoff: 10 tig Pb/dt
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ADDENDUM

The following Additions and corrections should be eade to Appendix B:
Selection of a Lead Soil Clean-up Level for the NL/Taracorp Superfund Site.

1) Sixth page, last line. 500 •icrograas per deciliter should read 500
PP«-

2) Eighth page, line 11. Reference 1989c should be 1989a.

3) Ninth page, line 9. Text should read: It is notable that at a lead
in soil level of 900 pp«, the aodel shows that for east ages the
soil/dust lead intake is approximately 13 eicrograe* per day. At a
lead soil level of 1000 ppe, the soil/dust lead intake is greater than
29 •icrograe.s per day, accounting for approximately 63 percent of the
total daily intake. At both soil lead levels, the intakes froe air
and*water are nonsignificant.

1
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

V ,i<r 230 SOUTH DEARBORN ST.
""° , _ CHICAGO, llUNOtS 60604

m
£EP 1 1 1930

RE«.YTOAmWTCNOF: 5CS-TUB-3
CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Mr. Dennis Reis
Sidley & Austin
One First National Plaza
Suite 5400
Chicago, IL 60603

Dear Mr. Reis:

On September 4, 1990, the U.S. EPA Office of Regional Counsel
received an offer from the NL Industries/Taracorp Steering
Committee to perform the remedial design and remedial action at the.
NL Ir.dustries/Taracorp Superfund Site (NL Site) in Granite City,
Illinois. The offer is dated August 31, 1990. The purpose of
this letter is to inform the PRP committee that the offer received
by U.S. EPA does not constitute a "good faith" offer as that term
is defined in the special notice letter U.S. EPA sent to members of
the committee.

A good faith offer must not be significantly different from U.S.
EPA's Record of Decision (ROD). The ROD specifies that the cleanup
of the NL Site must include a soil-lead cleanup of no more than 500
parts per million (ppm) lead in soil. The primary reason the
committee's offer does not form the basis for formal negotiations
is the offer's failure to accept the 500 ppm cleanup standard.

The committee's offer contains an extensive discussion of the
appropriate cleanup standards at the NL Site. The discussion
indicates a number of misconceptions regarding the cleanup standard
and how it was chosen. The remainder of this letter will briefly
list some Afefbhese differences.

1. The ̂ •ttteê s proposal to reconsider the 500 ppm cleanup
standard ̂ Iftes- the primary site specific reasons U.S. EPA
selected the cleanup standard. To reiterate our previous comments
on this matter, the soil at the NL Site is documented as containing
elevated levels of lead. The lead is the result of smelter
emissions. Smelter operations in Granite City resulted in th«
emission of small-, highly bioavailabla lead particles. Low
exposures to this form of lead have been shown to have significant
health effects on children. Th« industrial nature of Granite City
may make children especially sensitive to the toxic effects of
these particles due to the synergistic interaction of lead with

P'fitta on Rrcycttd Ptftr
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other toxic substances. The zone of contamination at the NL Site
is a residedBttl area, provides unrestricted access to the many
children who'̂ Wsit and live in the contaminated area, and leaves
the population vulnerable to a number of exposure paths.
Appendix B of the ROD contains a more detailed discussion of these
and other reasons for U.S. EPA's selection of the cleanup standard."

2. The Committee has misunderstood EPA's use of the
Integrated Uptake/Biokinetic Model (the "biokinetic model") in the
Record of Decision for the NL Site. Comments in the public
response of NL Industries suggested that the EPA Integrated
Uptake/Biokinetic Model has been "demonstrated to be a reliable
analytical method to determine the relationship between
environmental lead concentrations and blood lead concentrations for
EPA lead rulemaking." EPA has stated that the Biokinetic Model has
not yet been approved for use in setting cleanup levels at
Superfund sites. EPA did not rely on use of the biokinetic model
in its selection of cleanup standards at the NL Site. However, EPA
did consider and discussed the biokinetic model in the NL ROD and
determined that even a liberal interpretation of the model
supported the selected cleanup standard. The choices of default
parameters used in the model were those suggested by the
commenters. U.S. EPA did not necessarily agree with the validity
of those assumptions. An example is the use of the 15 ug/dl level
for lead in blood in U.S. EPA's application of the model. This
number was used at the commenters' request, but is actually 50%
higher than acceptable. A more commonly accepted — and better —
standard is 10 ug/dl of lead in the blood of children. It is
noteworthy that the application of the commenters' suggested
parameters in the model demonstrated that the selected cleanup
level of 500 ppm lead in soil is at the high end of any acceptable
range. -̂,̂ -*̂ .-~. . —. . ..-. -._... -. _-... ... .

3. It is evident from the committee's comments on the Integrated
Uptake/Biokinetic Model that the committee is aware of the
extensive review U.S. EPA has made of this model. We appreciate
the committee's critique of the model and suggest that general
comments on the use of the model be addressed to Chris DeRosa at
U.S. EPA'atff-ice of Health and Environmental Assessment in

V has not been involved in the development of
this model

4. The balT* of "the committee's present criticism of the
biokinetic model was not presented during 'the public comment
period. Nevertheless, the information presented by the committee
does not support the need to alter the response action. The
environmental consultants hired by the committee appear to rely on
a lead study conducted in Midvale, Utah, to support their criticism
of U.S. EPA's use of the biokinetic model in Granite City. The
Midvale study was not available at the time of the ROD.
Nevertheless, the study contains flaws which prohibit its use by
Region V. One example of the flaws in the Midvale study is the
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data set. Thecontractors for the Midvale study chose to edit the
data in suchqBMBaanner so as to discard data of children with the
highest leveFrtf lead in their blood. Such an approach is, at
best, questionable.

For further response to the committee's suggestion that a blood-
lead study should be utilized to determine the remedy at the NL
Site, the committee should refer to section 2.2.2 "Biological
Monitoring as a Measure of Exposure and Effects" in Toxicoloaical
Profile for LEAD. U.S. Department of Health and Human Services,
Agency for Toxic Substances-and Disease Registry, ATSDR/TP-88/17,
June, 1990. In examining the measurement of lead in blood as a
method of exposure, ATSDR notes that

"The half-life of lead in human blood is 28 to
36 days; thus, levels of lead in blood reflect
relatively recent exposure compared with
levels of lead in teeth [or bone], which
continue to accumulate lead over tine.
Because lead cycles between the blood and
bone, a single blood lead determination cannolfc
distinguish between exposure to a given level
for an extended period of time from a previous
exposure to a high level that would result in
the same blood level due to recycling from
bone.11

The ATSDR report further notes that the development of a technique
using X-ray fluorescence to determine lead in bone may prove to be
a valuable indicator of the body burden of lead. It is U.S. EPA's
position, however, that the NL Site presents an imminent and
substantial endangerment which requires prompt action.

5. Another inherent flaw in the committee's proposal is a
fundamental misunderstanding of the biokinetic model, its use and
its purposes. The model is designed to predict blood-lead levels
which occur in individuals and utilizes a number of parameters,
including soil-lead levels, in its predictions. The- model,
however, iû d̂esigned to do a reverse regression; it can not be
used to de^Kpne appropriate levels of lead in soil based on
blood-leve^^^fcund' in children at a particular time. This,
however, ̂ ••̂ lErtly what is proposed by your committee. In fact,
the backward step-wise multiple regression programs that the
committee has proposed to use do not exist in an acceptable fora,
if at all. U.S. EPA is engaged in a number of ongoing research
programs which may generate the data required to develop the
relationships between environmental lead sources and blood lead
levels. Such data* is incomplete at present, but suggests that
these relationships may not b« linear. For these reasons, the use
of such a multiple regression program is not an EPA approved
methodology.
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In summary, th* fundamental difference between the committee's
offer and â ô Jd faith offer is the acceptance of the cleanup
standards e*j|Bsed in the ROD. The committee appears to propose
that the ultimate cleanup of the site be dictated by the blood-lead
levels of children in the area. U.S. EPA strongly believes that a
blood study simply can not drive the remedy at a lead site. Blood
lead levels merely provide a snap shot of an individual's exposure
to lead. 'The levels are transient, will change from time to time,
and are not a reliable means of determining an individual's actual
exposure to lead.

U.S. EPA requests that all further contact in matters related to
the NL Site be directed to Steven Siegel of our Office of Regional
Counsel. Please contact Mr. Siegel if you or your committee
believes there is a basis for any further discussions based upon a
good faith offer.

Sincerely,

Norman R.
Acting Associae Division Director
Office of Superfund
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1.322. UNfTED STATES ENVIRONMENTAL PROTECTION AGENCY
z REGIONS

230 SOUTH DEARBORN ST.
CHICAGO. ILUNCHS $0604

SEP 1 ' 1990
REPLY TO ATTENTION OF 5CS~TUB-3

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Ms. Janet Smith
NL Industries, Inc.
Office of General Counsel
445 Park Avenue
New York, New York 10022

Dear Ms. Smith:

On August 31, 1990, U.S. EPA received an offer from NL Industries,
Inc. to commence negotiations for the remedial design and remedial
action of the NL Industries/Taracorp Superfund Site in Granite
City, Illinois (the "NL Site"). The purpose of this letter is to
inform you that the offer presented by NL Industries is not a "good
faith" offer as that term is defined in the special notice letter
of June 25, 1990, which U.S. EPA sent to NL.

A good faith offer must not be significantly different from U.S.
EPA's Record of Decision (ROD). The ROD specifies that the cleanup
of the NL Site must include a soil-lead cleanup of no more than 500
parts per million (ppm) lead in soil. The primary reason NL's
offer does not form the basis for formal negotiations is the
offer's failure to accept the 500 ppm cleanup standard.

Please direct all future contacts between NL and the United States
related to this matter to Steven Siegel of our Office of Regional
Counsel. Please be advised, however, that additional meetings-with
NL for the purpose of achieving a negotiated settlement of this
matter are ndHBKrranted so long as NL refuses to accept the
cleanup stand^^J^xpressed in the Record of Decision.

Sincerely,

Norman R. Niederg^kg s^
Acting Associate Division Director
Office of Superfund
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
- * REGIONS

230 SOUTH DEARBORN ST.
CHICAGO, ILLINOIS 60604

R6K.Y TO ATTEKTCN Of: 5CS-TUB-3
SEP 1 * 1990

CERTIFIED MAIL'
RETURN RECEIPT REQUESTED

Mr. Dennis Reis
Sidley & Austin
One First National Plaza
Suite 5400
Chicago, IL 60603

Dear Mr. Reis:

On September 4, 1990, the U.S. EPA Office of Regional Counsel
received an offer from the NL Industries/Taracorp Steering
Committee to perform the remedial design and remedial action at the
NL Industries/Taracorp Superfund Site (NL Site) in Granite City,
Illinois. The offer is dated August 31, 1990. The purpose of
this letter is to inform the PRP committee that the offer received
by U.S. EPA does not constitute a "good faith" offer as that term
is defined in the special notice letter U.S. EPA sent to members of
the committee.

A good faith offer must not be significantly different from U.S.
EPA's Record of Decision (ROD). The ROD specifies that the cleanup
of the NL Site must include a soil-lead cleanup of no more than 500
parts per million (ppm) lead in soil. The primary reason the
committee's offer does not form the basis for formal negotiations
is the offer's failure to accept the 500 ppm cleanup standard.

The committee's offer contains an extensive discussion of the
appropriate cleanup standards at the NL Site. The discussion
indicates a numMMSZ misconceptions regarding the cleanup standard
and how it was^H«n* .The remainder of this letter will briefly
list some of th^Kwifferences.

1. The committee's proposal to reconsider the 500 ppm cleanup
standard ignores the primary site specific reasons U.S. EPA
selected the cleanup standard. To reiterate our previous comments
on this matter, the soil at the NL Site is documented as containing
elevated levels of'lead. The lead is the result of smelter
emissions. Smelter operations in Granite City resulted in the
emission of small, highly bioavailable lead particles. Low
exposures to this form of lead have been shown to have significant
health effects on children. The industrial nature of Granite City
may make children especially sensitive to the toxic effects of
these particles due to the synergistic interaction of lead with
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other toxic suiiBwances. The zone of contamination at the NL Site
is a residential area, provides unrestricted access to the many
children who visit and live in the contaminated area, and leaves
the population vulnerable to a number of exposure paths.
Appendix B of the ROD contains a more detailed discussion of these
and other reasons for U.S. EPA's selection of the cleanup standard.

2. The Committee has misunderstood EPA's use of the
Integrated Uptake/Biokinetic Model (the "biokinetic model") in the
Record of Decision for the NL Site. Comments in the public
response of NL Industries suggested that the EPA Integrated
Uptake/Biokinetic Model has been "demonstrated to be a reliable
analytical method to determine the relationship between
environmental lead concentrations and blood lead concentrations for
EPA lead rulemaking." EPA has stated that the Biokinetic Model has
not yet been approved for use in setting cleanup levels at
Superfund sites. EPA did not rely on use of the biokinetic model
in its selection of cleanup standards at the NL Site. However, EPA
did consider and discussed the biokinetic model in the NL ROD and
determined that even a liberal interpretation of the model
supported the selected cleanup standard. The choices of default
parameters used in the model were those suggested by the
commenters. U.S. EPA did not necessarily agree with the validity
of those assumptions. An example is the use of the 15 ug/dl level
for lead in blood in U.S. EPA's application of the model. This
number was used at the commenters' request, but is actually 50%
higher than acceptable. A more commonly accepted — and better —
standard is 10 ug/dl of lead in the blood of children. It is
noteworthy that the application of the commenters1 suggested
parameters in the model demonstrated that the selected cleanup
level of 500 ppm lead in soil is at the high end of any acceptable
range.

3. It is evident from the committee's comments on the Integrated
Uptake/Biokinetic Model that the committee is aware of the
extensive review U.S. EPA has made of this model. We appreciate
the comroittee^^^pitique of the model and suggest that general
comments on t̂ HKe of the model be addressed to Chris DeRosa at
U.S. EPA's Q̂ ^̂ f of Health and Environmental Assessment in
Cincinnati, ^̂ llp V has not been involved in the development of
this model.

4. The basis of the committee's present criticism of the
biokinetic model was not presented during the public comment
period. Nevertheless, the information presented by the committee
does not support the need to alter the response action. The ~
environmental consultants hired by the committee appear to rely on ^j-
a lead study conducted in Midvale, Utah, to support their criticism r-
of U.S. EPA's use of the biokinetic model in Granite City. The £j
Midvale study was not available at the time of the ROD. []j
Nevertheless, the study contains flaws which prohibit its use by
Region V. One example of the flaws in the Midvale study is the



data set. The^PJfritractors for the Midvale study chose to edit the
data in such a manner so as to discard data of .children with the
highest levels of lead in their blood. Such an approach is, at
best, questionable.

For further response to the committee's suggestion that a blood-
lead study should be utilized to determine the remedy at the NL
Site, the committee should refer to section 2.2.2 "Biological
Monitoring as a Measure of Exposure and Effects" in Toxicological
Profile for LEAD. U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry, ATSDR/TP-88/17,
June, 1990. In examining the measurement of lead in blood as a
method of exposure, ATSDR notes that

"The half-life of lead in human blood is 28 to
36 days; thus, levels of lead in blood reflect
relatively recent exposure compared with
levels of lead in teeth [or bbnej , wnicn
continue to accumulate lead over time.
Because lead cycles between the blood and
bone, a single blood lead determination cannot
distinguish between exposure to a given level
for an extended period of time from a previous
exposure to a high level that would result in
the same blood level due to recycling from
bone. "

The ATSDR report further notes that the development of a technique
using X-ray fluorescence to determine lead in bone may prove to be
a valuable indicator of the body burden of lead. It is U.S. EPA's
position, however, that the NL Site presents an imminent and
substantial endangerment which requires prompt action.

5. Another inherent flaw in the committee's proposal is a
fundamental misunderstanding of the biokinetic model, its use and
its purposes. The model is designed to predict blood-lead levels
which occur in individuals and utilizes a number of parameters,
including soJfl|fiead levels, in its predictions. The model,
however, is rq^Bpsigned to do a reverse regression; it can not be
used to detê B̂ft appropriate levels of lead in soil based on
blood-levels "̂ ^̂ md in children at a particular time. This,
however, is exactly what is proposed by your committee. In fact,
the backward step-wise multiple regression programs that the
committee has proposed to use do not exist in an acceptable form,
if at all. U.S. EPA is engaged in a number of ongoing research
programs which may generate the data required to develop the
relationships between environmental lead sources and blood lead
levels. Such data is incomplete at present, but suggests that
these relationships may not be linear. For these reasons, the use
of such a multiple regression program is not an EPA approved
methodology.
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In summary, 4NE.- fundamental difference between the committee's
offer and a B̂od faith offer is the acceptance of the cleanup
standards expressed in the ROD. The committee'appears to propose
that the ultimate cleanup of the site be dictated by the blood-lead.
ievels of children in the area. U.S. EPA strongly believes that a
blood study simply can not drive the remedy at'a lead site. Blood
lead levels merely provide a snap shot of an individual's exposure
to lead.- The levels are transient, will change from time to time,
and are not a reliable means of determining an individual's actual
exposure to lead.

U.S. EPA requests that all further contact in matters related to
the NL Site be directed to Steven Siegel of our Office of Regional
Counsel. Please contact Mr. Siegel if you or your committee
believes there is a basis for any further discussions based upon a
good faith offer.

Norman R.
Acting Associae Division Director
Office of Superfund



UNrTED STATES ENVIRONMENTAL PROTECTION AGENCY
REGIONS

, -.c 230 SOUTH DEARBORN ST.
"*°̂  CHICAGO, ILLINOIS 60004

SLP 2 5 13SO

REKYTOAmMTIONOF: 5CS-TUB-3

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Mr. George M. von Stamwitz, Esq.
Armstrong, Teasdale, Schlafly, Davis 6 Dicus
One Metropolitan Square, Suite 2600
St. Louis, Missouri 63102-2740

Dear Mr. von Stamwitz:

U.S. EPA is in receipt of an offer dated August 31, 1990, from
St. Louis Lead Recyclers ("SLUR") to commence negotiations for the
remedial design and remedial action of the NL Industries/Taracorp
Superfund Sit* in Granite City, Illinois (the "NL Site"). The
purpose of this letter is to inform you that the offer presented by
SLLR is not a "good faith" offer as that term is defined in the
special notice letter of June 25, 1990, which U.S. EPA sent to
SLLR.

A good faith offer must not be significantly different from U.S.
EPA's Record of Decision (ROD). The ROD provides for the entire
cleanup of the NL Site. SLLR's offer addresses only a small
portion of the selected remedy for the NL site and appears to base
its offer on the assertion that SLLR's involvement at the NL Site
is clearly divisible from other potentially responsible parties.
U.S. EPA flRrrees with this assertion. He also note that SLLR's
offer app̂ K̂po be an attempt to reduce SLLR's existing statutory

Please direct all future contacts between SLLR and the United
States related to this matter to Steven Siegel at our Office of
Regional Counsel.

Sincerely, • ' .'

-̂̂ &»i,««,,. ̂>̂ «̂ >
Norman R. Nieder^ni
Acting Associate Division Director
Office of Superfund
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
. is REGIONS

</ 230 SOUTH DEARBORN ST.
CHICAGO, ILLJNCXS 60604

DEC 2 4 1990

REPLY TO ATTENTION OF: 5CS-TUB-3

Mr. Daniel J. Bicknell
Environmental Activities Staff
General Motors Corporation
General Motors Technical Center
30400 Mound Road
Warren, Michigan 48090-9015

Dear Mr. Bicknell:

This letter is in response to our December 7, 1990 meeting and
your December 13, 1990 correspondence proposing that generators
at the NL Industries/Taracorp Site perform 35% of the cleanup of
the Site. As you are aware, U.S. EPA issued special notices to
the generators represented by your committee on June 25, 1990,
pursuant to Section 122 of CERCLA. The negotiation period closed
after 60 days when no good faith offer was received to undertake
the remedy. As an initial matter, then, your proposal, was made
only after U.S. EPA issued a unilateral administrative order
pursuant to section 106 of CERCLA. Such late proposals are not
favored, and U.S. EPA is under no obligation to consider a
proposal in these circumstances.

Having said this, I believe that some elements of your proposal
are worthy of serious consideration by U.S. EPA. I would bo able
to recommend pursuing settlement discussions for a limited time
provided that I receive agreement from your committee on certain
key points as follows;

1. Tĥ Hfierators who sign the proposed settlement will be
responsible ̂^•Xmplementing 35% of the remedy. This share will
not be renegWMfed- based any role NL Industries may have played
as a generator. In addition, the generators will agree to
perform remedial design.

2. The December 13, 1990 letter is silent on the subject
of reopener clauses. Any settlement acceptable to EPA must
include standard reopeners in the event that there is remedy
failure and, additionally, if the U.S. Government determines that
recovery of 65% of the remedy costs from the owner/operator (NL
Industries) is not feasible. This later point will require
further discussions, obviously.

E027425
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3. Past costs will be paid by the generators as part of
the settlement (past costs are estimated not to exceed $300/000).

4. A negotiated settlement must be consistent with the
remedy selected in the Record of Decision. A remedy based on
tilling is a dilution remedy which is inconsistant with the
record of decision and is npt an appropriate subject for
negotiations at this time.

Your letter of December 13 raises several additional points which
are addressed as follows:

1. The Committee requests that the settlement contain
provisions making it clear that the generators have assented to
the percentages for settlement purposes only. I do not object to
such provisions.

2. The generators wish to retain the right to sue NL for
contribution. A negotiated consent decree will not preclude the
generators from any rights to sue NL they otherwise may have.
EPA, of course, would not be foreclosed from reaching a
negotiated agreement with NL.

3. Your letter states that EPA has indicated it is willing
to exclude specific units of work from the generators' assigned
share. While this is accurate, your letter indicates that home
interior inspections was mentioned as an area which may be
excluded. EPA has not indicated that home interior inspections
is an appropriate category to exclude from the generators share
of work.

Several other issues were not mentioned in the December 13
correspondence will also warrant further discussion. Mark Hester
indicated in a telephone conversation a willingness to allow the
Remedial Design to be included in the generators' "share of work
in addition ̂̂ ĥe 35% share of the remedial action, if U.S. EPA
agreed not ̂ R̂clude a cost for the Other Contingency Measures
when calcul|^BKthe'generators 35%. Questions for further
discussion aJHgLnclude 1) what adjustments will be made on the
35% share afte^the RD cost estimates are approved and 2) the
method and sharing of contributions by generators who did not
receive the Order.
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I wish to emphasize that this letter should no.t be regarded as an
"offer" by U.S. EPA. Any settlement will require review by
Regional management and Headquarters. As mentioned above, I will
recommend further discussions on'these points,if I receive the
Committee's conceptual agreement on each of the issues outlined
above by January 4, 1990. Please call me at (312) 353-1129 to
discuss any of these issues at your earliest convenience.

Sincerely,

Steven
Assistant Regional Counsel

cc: Brad Bradly
Allen Held
Mark Hester
Stuart Williams

E027427
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UNITED STATES OF AMERICA, Plaintiff, v. OLIN CORPORATION,
Defendant.

CIVIL ACTION NO. 95--0526-BH-S

STATES DISTRICT COURT FOR THE SOUTHERN DISTRICT OF
ALABAMA, SOUTHERN DIVISION

1996 U.S. Dist. LEXIS 6996

May 20, 1996, Decided
May 20, 1996, FILED

DISPOSITION: [*1] Motion DENIED. Action DISMISSED with prejudice.

COUNSEL: For USA, acting at request of the Administrator of the United States
Environmental Protection Agency (EPA), plaintiff: Eugene A. Seidel, Esq., U. S.
Attorney's Office, Mobile, AL. Kathy Urbach, Assistant Regional Counsel,
Environmental Protection Agency, Atlanta, GA. Robert A. Kaplan, Environmental
Enforcement Section, U. S. Dept. of Justice, Washington, DC. Cheryl L. Smout, U.
S. Dept. of Justice, Environmental Enforcement Section, Washington, DC. Robert
R. Homiak, U. S. Dept. of Justice, Environmental Enforcement Section, jj
Environment & Natural Resources Div., Washington, DC. .j

For OLIN CORPORATION, defendant: T. Bruce McGowin, Esq., Mobile, AL. Caine
O'Rear, III, Esq., Mobile, AL. Arthur A. Rheingold, Chief Counsel, Olin
Corporation, Stamford, CT. Michael W. Steinberg, Morgan, Lewis & Bockius LLP,
Washington, DC. Alex S. Karlin, Morgan, Lewis & Bockius LLP, Washington, DC.

JUDGES: W B Hand, SENIOR DISTRICT JUDGE. Mag. Judge William H. Steele

OPINIONBY: W B Hand

OPINION: ORDER

The United States filed this action under the Comprehensive Environmental
Response, Compensation, and Liability Act ("CERCIA"), 42 U.S.C. §§ 9601, et
seq., t*2] against defendant Olin Corporation ("Olin"), a Virginia
corporation which owns and operates a chemical plant in Mclntosh, Alabama, in
southwest Wâ n̂oton County, approximately 25 miles east of the Mississippi
state line ̂ HJK miles north of the Gulf of Mexico. With the complaint, the
parties fil̂ ^̂ Kroposed consent degree. This court requested the parties to
brief certâ ^̂ f̂eutory and constitutional issues relating to CERCLA. For the
reasons stateoDelow, this court has determined that rather than signing the
consent decree, it must dismiss the action both because 1) Congress did not
clearly express its intent that the liability provision of CERCLA be
retroactive, as required by Landgraf v. USI Film Products, U.S. , 114 S.
Ct. 1483, 128 L. Ed. 2d 229 (1994) and 2) the application of CERCLA, at least on
the facts of this case, violates the Commerce Clause as interpreted in United
States v. Lopez, 514 U.S. , 115 S. Ct. 1624, 131 L. Ed. 2d 626 (1995).

I. THE COMPLAINT AND PROPOSED CONSENT DECREE

LEXIS-NEXIS HI LEXIS-NEXIS ml LEXIS-NEXIS
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A. The Olin Property in the Complaint

In its cod̂ Ĥnt, the Justice Department alleges that the Olin plant site in
Mclntosh, cô ^̂ Bing [*3] 1,500 acres, contains two actionable sites. This
action concê Ufnly the first of two sites at the Olin property. "Site 1" nl
includes 20 acres on the southern edge of the property, on which an active
chemical-production facility operates. This site contains a number of "solid
waste-management units," both active and inactive, many of which have been
closed and treated for the removal of hazardous substances. n2 To the north and
northwest of the active chemical production facility are undeveloped tracts of
land. To the west of the facility is a brine-well field. Four thousand feet east
of the main plant area is a steep bluff which defines the edge of Site 2, n3 the
natural basin. n4

•Footnotes-

nl The government labels Sites 1 and 2 as the "first operable unit" ("OUI")
and the "second operable unit" ("OU2"), respectively. Site 1 includes all of the
land except for the approximately sixty two acres designated as Site 2. See n.3.

n2 Remedial-Investigation Report at 1-5.

^ -*
n3 Site 2 consists of approximately 62 acres which form a natural basin l̂ ing

east of the plant, surrounded by wetlands, and adjacent to the Tombigbee River.
The government alleges that Olin (at the time known as Olin Mathieson) directed
surface runoff containing hazardous substances into Site 2, which discharges
into the Tombigbee River (the Tombigbee joins with the Alabama River to form the
Mobile River, which flows into Mobile Bay and then the Gulf of Mexico). However,
the costs which the federal Environmental Protection Agency ("EPA") claims it
has incurred and will incur for cleanup in Site 2, and any injunctions it may
seek regarding this effort at Site 2, are not part of this action. The
government plans to file a separate action regarding Site 2. See Complaint at p.
3, P 8- [*4]

n4 EPA Record of Decision at 5.

. . . . . . . - - . . . - _ . . -End Footnotes- - - - - - - - - - - - - - - - -

The government alleges that in 1952 Olin Mathieson began operating a
mercury-cell chlpralkali plant on Site 1 which generated and released wastewater
containing JM0& into Site 2 until 1974. This plant ceased operating in 1982.
n5 In 1955, X̂ Ke 1,. Olin Mathieson built a "crop-pr Section-chemicals" plant
which discĥ ^̂ wastewater into Site 2 until 1974. This plant also ceased
operating inT̂ ^̂ " n6 As a result of the operation of these two plants (1950's -
late 1982), mercury and chloroform, which are alleged to be hazardous substances
under 42 U.S.C. § 9601(14), were released into Site 1.

- - - - - - - - - - - - - - - - -Footnotes- -

n5 EPA Record of Decision at 8.

n6 Id. at 10.

. - - - - - _ - - . _ - - . - -End Footnotes-

LEXIS-NEXIS Hi LEXIS-NEXIS Wi LEXIS-NEXIS
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Most of the alleged contamination resulting from the operation of these two
plants occurredprior to the effective date of CERCLA, December 11, 1980. n7
However, to IflMBctent that both of these plants also operated after CERCLA's
enactment, ^^K i.e., from December 11, 1980, until late 1982, and to the
extent that ̂HÊ t °f continuing releases at and from Site 1 continues, as the
government â r̂ ŝ, n8 the government also seeks to recover CERCLA cleanup costs
from Olin for post-enactment conduct.

- - - - - - - - - - -Footnotes- •

n7 42 U.S.C. § 9601(22).

n8 Complaint, P 18.

- - - - - - - - - - - - - - - -End Footnotes -

In 1978, the company (whose name changed that year to Olin Corporation) built
a diaphragm-cell caustic-soda/chlorine plant which it currently operates. There
is no allegation in the complaint that the operation of this plant has any
connection with the contaminants found on Site 1.

The Environmental Protection Agency ("EPA") listed the Olin plant site on the
"national priorities list" in September 1984. Cf. 42 U.S.C. § 9605; 40 C.F.RC?
Part 300. »•

>

The complaint indicates that Olin conducted a "remedial investigation" of
Site 1, completed in July 1993, and then a "feasibility study" of proposed
responses to contamination at Site 1, completed in February 1994. In December
1994, the EPA executed its [*6] "record of decision" based on the remedial
investigation and the feasibility study. The record of decision provides a
remedy for the contamination of the alluvial aquifer which the agency contends
is consistent with CERCLA and the national contingency plan.

For present purposes, the court accepts the allegations of the complaint as
true and notes, in fairness, that Olin's answer admits many, while denying some,
of them. For example, the defendant admits that there have been releases in the
past, but denies that there is any threat of future release of hazardous
substances. The defendant also denies any imminent and substantial danger to the
public health or welfare, or the environment, because of actual or threatened
releases from Site 1.

B. The Pfll̂ Kl Consent Decree and Remedial-Investigation Report

With thê QHBfriat, the Justice department filed a proposed consent decree,
n9 which both parties had signed. The government published notice thereof in the
Federal Register to afford the public opportunity for comment. 603 Fed. Reg.
36309, 36309-10 (1995). When the government received no comment within 30 days,
the parties jointly moved for the court to enter the consent decree. [*7]
See 42 U.S.C. § 9622(d)(2).

•Footnotes-

n9 Attached to the consent decree are two appendices. Appendix A is the
record of decision. Appendix B is a statement of work for Olin for Site 1.

LEXIS-NEXIS ll§ LEXIS-NEXIS ml LEXIS-NEXIS
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•End Footnotes-

The consê Mfecree runs to 71 pages. It makes the defendant, its officers,
directors, â ^̂ Byone else associated with the defendant, liable for everything
even remote^^^Mpociated with the clean-up of Site 1, including insuring the
automobiles^BE^jovernment uses in fulfilling and supervising the consent
decree.

Although the EPA estimates the present value of the cost of compliance to
Olin at $ 10,339,000, nlO the EPA has an almost unconstrained right to amend the
consent decree. Of course, the defendant may appeal, but the defendant must
direct the appeal to the EPA. The propriety of such procedures is beyond the
scope of this inquiry, yet defense counsel has acknowledged that the consent
decree gives the EPA carte blanche over the company treasury.

- - - - - - - - - - - - - - - - -Footnotes- -

nlO EPA Record of Decision at 39.

- - - - - - - - - - - - - - - -End Footnotes-
[*8]

Olin has committed itself to performing the actions which the consent decjfjee
specifically requires, regardless of whether the court approves of the decrefj;
nil however, it has sought to do so under the supervision of the Alabama i
Department of Environmental Management ("ADEM") rather than under the EPA. n!2
The ADEM has sought the same. Twice in May 1994, the ADEM's director wrote to
the EPA to request that the EPA allow the ADEM to implement the record of
decision for Site 1 under the Resource Conservation and Recovery Act, 42 U.S.C.
§§ 6901 et seq., and the Alabama Hazardous Waste Management and Minimization
Act, Ala. Code §§ 22-30-1 et sec., rather than CERCLA. In December 1994, the
EPA's regional administrator in Atlanta, Georgia, wrote the ADEM director to
convey the EPA's belief that it would be "premature at this time to defer" to
the ADEM. The regional administrator stated that accepting the state's proposal
would require modifying a permit under the Resource Conservation and Recovery
Act, which would "add this additional layer of involvement and federal resources
to the already complex situation." He further asserted that "continued
implementation under CERCLA insures [*9] consistency and decreases the
potential for conflict." n!3 Be that as it may, consistency and the decreased
potential for conflict are not necessarily synonymous with constitutionality.

. . _ _ . . - . - -Footnotes- •

nil Def̂ ^̂ Bk of La* at 2-
^̂ ^̂ ^̂ ^̂ ^̂ ^

nl2 Tr. of Hr'g at 20.

nl3 Def.'s Mem. of Law at App. A.

. - _ _ - . - . - _ _ _ - - - -End Footnotes-

Four days after rejecting the ADEM's request, the EPA issued its record of
decision, the major portions of which require Olin to (1) pump and treat
additional ground water, (2) upgrade and extend the existing caps over closed
portions of Site 1, (3) increase monitoring of ground water, and (4) establish

LEXIS-NEXIS i LEX1S-NEXIS l LEXIS-NEXIS
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certain institutional controls. n!4

- - - - - - - - -Footnotes- - - -

nl4 EPA R4^U|;"of Decision at Unnumbered Page 2.

- - - - - - -End Footnotes- - -

When the court inquired at oral argument why the defendant negotiated a
settlement and entered into this "consent" decree, counsel for the defendant
responded that it was [*10] "a pragmatic business judgment." It believed that
"the fastest and most expedient way to get the work performed would be to simply
go along with what the EPA sought here." n!5 Olin wanted to complete the work
and went along despite reservations about its legality n!6 and despite the
government's rigid dictation of the terms and conditions it would accept. n!7

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - - - -

nlS Tr. of Hr'g at 20.

n!6 Id.

_s-t
n!7 This is not an action in which anyone is trying to avoid a responsibility

to the environment; Olin has agreed to perform the proposed remedial actions-w

called for in the consent decree. The fact that Olin, despite its reservations
about the fairness and even legality of the proposed consent decree, originally
went along with the EPA is a vivid testament to the powerlessness felt by this
citizen when forced to comply with various directives ordered by our
administrative state.

-End Footnotes -

In addition to the consent decree, the government filed n!8 a
remedial-investigation report, prepared by Woodward-Clyde Consultants [*11]
of Baton Rouge, Louisiana, in July 1993. The report documents
remedial-investigation activities under an amended work plan and was completed
under EPA supervision and ultimately with EPA approval. The objectives of the
remedial investigation were (1) to investigate the nature, lateral extent, and
vertical extent of contamination in order to ascertain the types,
concentrations, and distributions of waste in all potentially affected media,
such as the JMMCroundwater, soil, surface water, and sediment; (2) to
determine tl̂ ^̂ Kntial of the wastes to migrate beyond Site 1 and Site 2; and
(3) to assê ^̂ K̂current and potential risk to public health, welfare, and the
environment^BPfciortly after the government filed the remedial-investigation
report, the parties jointly informed the court that they neither needed nor
desired further discovery in this action. n20

. _ - - - _ _ _ _ _ _ - _ _ . _ -Footnotes-

nl8 Tab 15.

n!9 Remedial-Investigation Report at 1-3.

n20 See tab 16, p.2.
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-End Footnotes-

According 3MH|ie remedial-investigation report, any contaminants [*12]
still at Sit^^Kffect groundwater there mostly by migrating through the
alluvial acTJ ĤR This aquifer lies atop a miocene aquifer. n21 The
remedial-invS^H^ation report indicates that there is little or no migration
between the aquifers. The potential does exist for minimal migration along the
casing of an enormous well on Site 1; e.g., if the well were to develop a leak
in the casing and/or a rupture in the annular seal. If so, the potential
concentration of contaminants not only would be localized around the well, but
also negligible because the amount of water removed by this well is so great.

•Footnotes-

n21 "Constituents are not expected to be present in the Miocene Aquifer
beyond the lateral extent of hydrolic control of these active water supply
wells. No migration towards the boundaries of OU-1 is anticipated as long as
pumping of these wells continues at the current rates." Remedial-Investigation
Report at 5-57.

•End Footnotes-

Wells established around the site to contain any outward flow of contaminftpts
monitor the alluvial [*13] aquifer. Nothing shows that the alluvial aquifer
carries water across any state lines or into any river or other transportation
source that would take it across any state lines, nor is there any indication of
transport of contaminants through the air across state lines. n22

-Footnotes -

n22 At hearing, the government could only point to contaminants at Site 2
which potentially traveled across state lines. See Tr. of Hr'g. at 9-10, 16-17.

-End Footnotes-

Indeed, the record reflects that any contamination at Site 1 is of such
minimal proportions as not to constitute any hazard to the public. As stated in
the EPA Record of Decision:

The risk assessment indicates that only risks associated.with potential future
on-site resî ^̂ £̂xposures to contaminated groundwater and surface soils would
not be witĥ ^̂ Htfs acceptable risk range. The chemicals of concern would pose
unacceptabl̂ ^̂ K̂ if the on-site groundwater were used 'as a source of potable
water or if̂ MM̂ Bn living on the site were exposed to contaminated surface
[*14] soils. Future use of this site as a residential area is considered
unlikely and thus the proposed remedial goals are directed at protecting the
groundwater for its maximum beneficial use. n23

. - - _ . _ - - - - . - _ . - . -Footnotes- - - - -

n23 EPA Record of Decision at 23 (emphasis added).

. _ . _ . _ _ _ . _ . . _ . _ -End Footnotes- - - -
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C. REVIEW OF THE CONSENT DECREE

NotwithstiBBft the initial willingness of the defendant to enter into a
"consent" dê Ĥf this court has a duty to examine a consent decree not only to
determine whflHE~ its factual and legal determinations are reasonable, but also
to ensure theWrne decree does not violate the Constitution, a federal statute,
or the controlling jurisprudence. E.g., Howard v. McLucas, 871 F.2d 1000, 1008
(llth Cir.) (citing United States v. City of Miami, 664 F.2d 435, 441 (5th Cir.
1981) (Rubin, J., concurring); Cotton v. Hinton, 559 F.2d 1326, 1330-31 (5th
Cir. 1977)), cert, denied, 493 U.S. 1002, 110 S. Ct. 560, 107 L. Ed. 2d 555
(1989) . The court, therefore, has made two requests for briefs, the first of
which directed [*15] the parties to brief whether CERCLA, as applied in this
case, is consistent with the Supreme Court's view of the Commerce Clause as
recently explained in United States v. Lopez, 514 U.S. , 115 S. Ct. 1624, 131
L. Ed. 2d 626 (1995). While both parties have responded to this issue, the
defendant has also raised the issue of CERCLA's retroactivity. The defendant
contends that Congress did not intend for CERCLA to be retroactive and that if
it did, CERCLA violates the Due Process Clause and unconstitutionally delegates
legislative power to the EPA. As a result of further direction from the court by
order of December 29, 1995, the Justice Department has responded to the
defendant's claims concerning retroactivity.

A frequently reaffirmed principle dictates that a court avoid deciding a J~?
constitutional issue if a case can be disposed of on non-constitutional grounds.
See, e.g., Ashwander v. TVA, 297 U.S. 288, 347, 56 S. Ct. 466, 483, 80 L. Ed. ;

688, 711 (1936) (Brandeis, J., concurring). Therefore, before considering the
several constitutional issues, this court first addresses the statutory question
of whether Congress intended to make CERCLA retroactive.

II. CERCLA [*16] and Retroactivity

Although the retroactivity of CERCLA has been the subject of holdings in
other circuits, the issue has not been squarely addressed by the Eleventh
Circuit. In dicta, a panel of the Eleventh Circuit recently referred to CERCLA
as being retroactive. Virginia Properties Inc. v. Home Ins. Co., 74 F.3d 1131,
1132 (llth Cir., 1996). The issue of retroactivity, however, was not before at
court. n24 In another CERCLA case before this court recently, the parties failed
to raise the issue of CERCLA's retroactivity, see Redwing Carriers, Inc. v.
Saraland Apartments., LTD, 875 F. Supp. 1545 (1995); in its decision, however,
this court refused to apply certain regulations retroactively. 875 F. Supp. at
1565 ("SincejMHMg- is no such clear intent in FIFRA, see, e.g., 7 U.S.C. Sees.
I36a(a), 13d̂ ^̂ £) , 1361, the court declines to apply registration cancellation
retroactive!

• Footnotes -

n24 Another reference to the retroactivity of CERCLA appears in an appendix
to a llth Circuit case, which is actually in a Georgia Supreme Court case
appended to the per curiam opinion on a state contract issue. See Claussen v.
Aetna Casualty, 888 F.2d 747, 751 (llth Cir. 1989).

- - - - - - - - - - - - - - - - -End Footnotes-
[*17]
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Of those federal decisions which have directly addressed the issue of
CERCLA's retr^a^Livity, n25 none have declined to apply CERCLA on retroactivity
grounds. Nevĵ ĤLess, all of those cases were decided before the Supreme
Court's decî ^̂ Vin Landgraf v. USI Film Prods., U.S. , 114 s. Ct. 1483
(1994), on v̂ PPfthe defendant rests its argument against retroactivity. n26

-Footnotes-

n25 United States v. Monsanto Co., 858 F.2d 160 (4th Cir. 1988); United
States v. Northeastern Pharmaceutical & Chemical Co., 810 F.2d 726 (8th Cir.
1986; HRW Systems v. Washington Gas, 823 F. Supp. 318 (D. Md. 1993); City of
Philadelphia v. Stepan Chemical, 748 F. Supp. 283 (E.D. Pa. 1990) ; Kelley v.
Solvent Co., 714 F. Supp. 1439 (W.D. Mich. 1989); O'Neil v. Picillo, 682 F.
Supp. 706 (D. R.I. 1988); United States v. Hooker Chemical and Plastics, 680 F.
Supp. 546 (W.D. N.Y. 1988); United States v. Dickerson, 640 F. Supp. 448 (D. Md.
1986); United States v. Ottati and Goss, Inc., 630 F. Supp. 1361 (D. N.H. 1985);
Town of Boonton v. Drew Chemical, 621 F. Supp. 663 (D. NJ. 1985); United States
v. Conservation Chemical Co., 619 F. Supp. 162 (W.D. Mo. 1985); United States v.
Shell Oil, 605 F. Supp. 1064 (D. Colo. 1985); Jones v. Inmont, 584 F. Supp. 1425
(S.D. Ohio 1984); United States v. South Carolina Recycling Disposal Co., 653 F.
Supp. 984 (D.S.C. 1984); United States v. Northeastern Pharmaceutical & Chemical
Co., 579 F. Supp. 823 (W.D. Mo. 1984); United States v. Price, 577 F. Supp. 1J.03
(D. N.J. 1983); Ohio v. Georgeoff, 562 F. Supp. 1300 (N.D. Oh. 1983); United';
States v. Wade, 546 F. Supp. 785 (E.D. Penn. 1982); Cf. Aetna Cas. & Sur. Co."',
Inc. v. Pintlar Corp., 948 F.2d 1507 (9th Cir. 1991); O'Neil v. Picillo, 883
F.2d 176 (1st. Cir. 1989); In the Matter of Penn Central, 944 F.2d 164 (3rd.
Cir. 1991) ; United States v. Kramer, 757 F. Supp. 397 (D.N.J. 1991). [*18]

n26 The defendant cites and seems to summarize an article entitled, "A Public
Policy Essay: Superfund Retroactivity Revisited," by George Clemon Freeman, Jr.,
published in the American Bar Association's Business Lawyer, vol. 50 at 663
(Feb., 1995) (hereinafter, "Freeman.") The author, a practicing attorney, who
was a member of the Superfund Section 301(e) Study Group, a congressional
advisory committee on the Act, and who has participated in litigation on the
retroactivity issue, see United States v. Northeastern Pharmaceutical & Chemical
Co., 810 F.2d 726 (8th Cir. 1986), argues that neither the text nor legislative
history demonstrate that Congress intended CERCLA to be retroactive. He has
previously made this argument. See Id. notes 16 - 18, and accompanying text. The
author contends:
If the question were before a federal court today in a case of first impression,
Superfund'sJBttfiity provision, section 107 (a), could not meet the test of
statutory ĉ ^̂ K̂tion set forth in Justice Stevens' majority opinion in
Landgraf. N̂ ^̂ K̂the text of the statute not its legislative history could
sustain retrŵ Ŵ e application. Nor could section 107 (a) meet the more
restrictive test of Justice Scalia's concurrence, which looked only at the text
of the statute.
"Freeman" at 664-665 (footnotes omitted)

- - - - - - - - - - - - - - - - -End Footnotes-
[*19]

A.

The Justice Department has responded somewhat cavalierly to the issue of
CERCLA's retroactivity, contending the matter is "well settled" and unaffected

LEXIS-NEXIS LEXIS-NEXIS f LEXIS-NEXIS
mcmkcr of
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by Landgraf:

Every court ̂ jff* CERCLA retroactivity challenges has rejected the arguments
advanced her^^Hpeed, courts have uniformly-held that (1) Congress clearly and
unequivocalli^BRended retroactive application of CERCLA and; (2) such a
liability scfî ŵ is rationally related to a legitimate governmental interest.
The Supreme Court's decision in Landgraf v. USI Film Prods., 128 L. Ed. 2d 229,
114 S. Ct. 1483 (1994) announces no new constitutional rules, and in no way
impacts this case law.

See Pi's Mem. on the Retroactivity of CERCLA and Due Process Issues, p. 2. To
begin with, Justice errs in claiming that the lower federal courts have
"uniformly held that (1) Congress clearly and unequivocally intended retroactive
application of CERCLA." In fact, not all the courts which have applied CERCLA to
pre-enactment conduct have agreed that it is retroactive, n27 and those which
have actually analyzed the retroactivity issue have differed on whether Congress
was acting "clearly and unequivocally." [*20] n28 More importantly.
Justice's observation that Landgraf "announces no new constitutional rules"
fails to assist this court with what is a significant non-constitutional
decision. n29 Written against the backdrop of several constitutional issues, the
Landgraf holding addresses a rule of statutory construction. Justice cannot
credibly contend that "the result in Landgraf is unremarkable." n30

•Footnotes-

n27 See United States v. South Carolina Recycling & Disposal, Inc., 653 F.
Supp. 984 (D.S.C. 1984} aff'd in part and vac. in part sub nom. United States v.
Monsanto Co., 858 F.2d 160 (4th Cir. 1988); Cf. United States v. Diamond
Shamrock Corp., [1982] 12 Envtl. L. Rep. (Envtl. L. Inst.) 20, 819 (N.D. Ohio
May 29, 1981),- United States v. Price, 523 F. Supp. 1055 (D.N.J. 1981), aff'd,
688 F.2d 204 (3d Cir. 1982). South Carolina Recycling concluded that the act was
not "retroactive," but applied CERCLA on the theory that because the previous
disposal continued to cause or threatened to cause releases after the Act's
effective date.

n28 See notes 31-34, infra.

n29 See n. 38, infra. [*21]

n30 "Pi's Mem. on the Retroactivity of CERCLA and Due Process Issues" at 4.
*-

' - . . - _ _ - -End Footnotes- - - - - - - - - - - - - - - - -

It is un̂ Qm̂ iable that Justice would attempt to dismiss Landgraf so
casually. n31 Landgraf certainly demolishes the interpretive premises o n which
prior cases had concluded CERCLA is retroactive. Landgraf does so in the course
of attempting to clarify confusion regarding the interpretive rules applicable
to retroactivity:

Our precedents on retroactivity left doubts about what default rule would apply
in the absence of congressional guidance, and suggested that some provisions
might apply to cases arising before enactment while others might not. Compare
Bowen v. Georgetown Univ. Hospital, 488 U.S. 204, 109 S. Ct. 468, 102 L. Ed. 2d
493 (1988) with Bradley v. Richmond School Bd., 416 U.S. 696, 94 S. Ct. 2006, 40
L. Ed. 2d 476 (1974) .

LEXIS-NEXIS jjjk LEXIS-NEXIS tjji LEXIS-NEXIS
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Landgraf, 114^S^rt. at 1495. In reaffirming the traditional presumption against
retroactive ̂ ^̂ Kation, Landgraf disapproves language in Bradley which had
appeared to Ĵ Ĥ&e that traditional presumption.

•Footnotes-

n31 See e.g. Ohio v. Georgeoff, 562 F. Supp. 1300, 1311 (N.D. Ohio, 1983")
("The Court is unable to declare that the statute evidences the 'imperative
character' required to overcome the presumption against retroactivity").

- - - - -End Footnotes- - - - - - - - - - - -
[*22]

Bradley allowed an award of attorneys' fees for work done prior to the
effective date of the statute providing for attorneys' fees. The Supreme Court
stated it was doing so "on the principle that a court is to apply the law in
effect at the time it renders its decision, unless doing so would result in
manifest injustice or there is a statutory direction or legislative history to
the contrary." 416 U.S. at 711, 94 S. Ct. at 2016. The applicability of this
language was severely limited by Landgraf:

Although the language suggests a categorical presumption in favor of application
of all new rules of law, we now make it clear that Bradley did not alter the^
well-settled presumption against application of the class of new statutes that
would have genuinely "retroactive" effect.

Landgraf, 114 S. Ct. at 1503 (emphasis in the original).

An early and influential case finding CERCLA retroactive, Ohio v. Georgeoff,
562 F. Supp. 1300 (N.D. Ohio, 1983), did exactly what Landgraf disapproves.
Georgeoff began quite appropriately by "initially determining the standard to be
applied in determining whether a statute should be applied retroactively."
[*23] 562 F. Supp. at 1306. While it acknowledged an "historical [] . . .
presumption favoring a prospective only application of a statute", n32 the court
otherwise approved of n33 and seemed to apply a presumption in favor of
retroactivity. The premises for the decision in Georgeoff were disapproved in
and are no longer tenable after Landgraf. As a result, Georgeoff and the cases
which rely on its analysis, -- and which do not do their own analysis -- cannot
be considered persuasive.

- _ _ _ - . _ -Footnotes- - - - - - - - - - - - - - - - - -

n32 562 ?̂ Wp|f. at 1306.

n33 In footnotes, the court explained its view of the presumption:

Since the principal basis for the presumption against retroactivity is the
threat of raising a constitutional issue, the reduction of that constitutional
issue must necessarily reduce the need to interpret CERCLA to avoid raising that
constitutional issue. The weight of the presumption therefore being reduced, a
more lenient approach in reviewing claims that the presumption has been
over-ridden may be appropriate. 562 F. Supp. at 1306, n.7. (emphasis added)

LEXIS-NEXIS m* LEXIS-NEXIS WA LEXIS-NEXIS
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After Thorpe JflBBradley, the presumption against retroactivity has arguably
been changed B^M^resumption in favor of retroactivity. That presumption can
only be over-^BBin where there is a clear legislative directive to limit the
statute to a prospective application or the change in law would cause manifest
injustice to the party adversely affected. Id. at 1307, n.9. (emphasis added).

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - -
C*24]

Besides Georgeoff, only two other cases actually do analyze the issue of
retroactivity; the rest of the cases basically rely on one or more of these
three cases and other cases which cite these cases! Those other two cases which
do their own analyses are United States v. Shell Oil, Co., 605 F. Supp. 1064 (D.
Colo., 1985) and United States v. Northeastern Pharmaceutical & Chemical Co.,
Inc., 810 F.2d 726 (8th Cir., 1986), both of which also cite Georgeoff with
approval. See 605 F. Supp. at 1072 and 810 F.2d at 733. Unlike Georgeoff,
neither case explains how it is applying the presumption against retroactivity;
but like Georgeoff, both cases demonstrate little regard for the presumption.
Following an analysis unlike that of Landgraf n34 and after quoting Georgeoff,
Id. at 1072, Shell Oil concludes that CERCLA is "unavoidably retroactive." I*-
at 1073. It does so on the basis of CERCLA's "general purpose and scheme." n3S
Under Landgraf, however, the fact "that retroactive application of a new statute
would vindicate its purpose more fully . . . . is not sufficient to rebut the
presumption against retroactivity." 114 S. Ct. at 1507-8. [*25] Other than
its discussion of "general purpose and scheme," Shell Oil does not explain
precisely what overrides the presumption against retroactivity. n36 As for
Northeastern, on which Justice relies, the case treats the presumption itself
rather lightly, devotes only one sentence to the statutory language, relies on
Shell Oil and Georgeoff among other cases, and offers one paragraph about the
"statutory scheme." n37

• Footnotes-

n34 "Before turning to a close analysis of specific statutory provisions and
their accompanying legislative history, I will review the general purpose and
scheme of CERCLA," 605 F. Supp. at 1069.

n35 See njBBWipra

n36 AdditBBWfy, both Shell Oil and Northeastern also rely upon an argument
disapproved wJHHbandgraf. Specifically, these two cases argue that the
affirmative preclusion of recovery for damages occurring before CERCLA's
enactment in § 107(f), the natural resource liability section, indicates
congressional intent for the other liability sections to operate retroactively.
See Shell Oil, 60S F. Supp. at 1076 and Northeastern, 810 F.2d at 736. Noting
that, "it would be surprising for Congress to have chosen to resolve [the
retroactivity issue] through negative inference," the Landgraf Court found a
remarkably similar argument to be unpersuasive. 114 S. Ct. at 1493-1494.
[*26]

n37 The courts' discussion is as follows with reference to the presumption

itself emphasized:
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The district court correctly found Congress intended CERCLA to apply
retroactively. Id. at 839. We acknowledge there is a presumption against the
retroactive fMrittcation of the statutes. See United States v. Security
Industrial B̂ R̂t59 U.S. 70, 79, 103 S. Ct. 407, 413, 74 L. Ed. 2d 235 (1982).
We hold, hô ^̂ K.' that CERCLA § 302 (a) , 42 U.S.C. § 9652 (a) , is "merely a
standard 'efwPR:ve date' provision that indicated the date when an action can
first be brought and when the time begins to run for issuing regulations and
doing other future acts mandated by the statute." United States v. Shell Oil
Co., 605 F. Supp. 1064, 1075 (D. Colo. 1985); cf. Von Allmen v. Connecticut
Teachers Retirement Board, 613 F.2d 356, 359-60 (2d Cir. 1979) (veterans
statute).

Although CERCLA does not expressly provide for retroactivity, it is
manifestly clear that Congress intended CERCLA to have retroactive effect. The
language used in the key liability provision, CERCLA § 107, 42 U.S.C. S 9607,
refers to actions and conditions in the past tense: "any person who at the time
of disposal of any hazardous substances owned or operated," CERCLA § 107(a) (2),
42 U.S.C. § 9607(a) (2), "any person who . . . arranged with a transporter for a
transport for disposal," CERCLA § 107(a)(3), 42 U.S.C. § 9607(a){3), and "any
person who . . . accepted any hazardous substances for transport to ... sites
selected by such person," CERCLA § 107 (a) (4), 42 U.S.C. § 9607(a) (4). See, e.g.,
United States v. Conservation Chemical Co., 619 F. Supp. 162, 220 (W.D. Mo.
1985); United States v. Shell Oil Co., 605 F. Supp. at 1069-73; United State^v.
South Carolina Recycling & Disposal, Inc., 20 Env't Rep. Cases (BNA) 1753,
1760-62 (D. S.C. 1984) (The court in United States v. South Carolina Recycling &
Disposal, Inc., 20 Env't Rep. Cases (BNA) 1753, 1760 (D. S.C. 1984), noted
CERCLA does not apply "retroactively" because it does not impose liability for
past conduct; rather, CERCLA imposes liability upon those parties responsible
for causing certain conditions, that is, the release or threatened release or
hazardous substances, that are the present or future results of their past
actions.); United States v. A & F Materials Co., 578 F. Supp. at 1259; United
States v. Price, 577 F. Supp. 1103, 1111-12 (D. N.J. 1983); Ohio ex rel. Brown
v. Georgeoff, 562 F. Supp. 1300, 1312 (N.D. Ohio 1983); United States v.
Outboard Marine Corp., 556 F. Supp. 54, 57 (N.D. 111. 1982); United States v.
Reilly Tar & Chemical Corp., 546 F. Supp. 1100, 1113-14 (D. Minn. 1982); see
generally Developments in the Law -- Toxic Haste Litigation, 99 Harv. L. Rev.
1498 (1986) (Developments).

Further, the statutory scheme itself is overwhelmingly remedial and
retroactive. CERCLA authorizes the EPA to force responsible parties to clean up
inactive or ̂ ĥ tfened hazardous substance sites, CERCLA S 106, 42 U.S.C. § 9606,
and author î ^̂ Kleral, state and local governments and private parties to clean
up such sit̂ ^̂ Ê-then seek recovery of their response costs from responsible
parties, CB̂ ^̂ . 104, 107, 42 U.S.C. §5 9604, 9607. In order to be effective,
CERCLA must reach past conduct. CERCLA's backward-looking focus is confirmed by
the legislative history. See generally, H.R.Rep. No. 1016, 96th Cong., 2d Sess.,
reprinted in 1980 U.S. Code Cong. & Ad. News 6119 (CERCLA House Report).
Congress intended CERCLA "to initiate and establish a comprehensive response and
financing mechanism to abate and control the vast problems associated with
abandoned and inactive hazardous waste disposal sites." Id. at 22, 1980 U.S.
Code Cong. & Ad. News at 6125.
810 F.2d at 732-33 (emphasis added).

- - - - - - - - - - - - - - - - -End Footnotes-
[•27]
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It is understandable that, prior to Landgraf, lower federal courts would have
tended to minimize the importance of the presumption against retroactivity given
some Supreme^apt- precedents. Landgraf reflects the different views on the
Court about ̂ ^̂ ker some of its precedents, in particular Bradley v. Richmond
School Bd., ̂^f-s- 696, 94 S. Ct. 2006, 40 L. Ed. 2d 476 (1969) and a case on
which it rel̂ î P̂ Thorpe v. Housing Authority of Durham, 393 U.S. 268, 89 S. Ct.
518, 21 L. Ed. 2d 474 (1969), have been consistent with other Supreme Court
precedents. The dissenting opinion in Landgraf remarks on the majority's
"eagerness to resolve the 'apparent tension' . . . between Bradley v. Richmond
School Bd. . . . and Bowen v. Georgetown University Hospital", 114 S. Ct. at
1508 (Blackmun, J., dissenting) (citations omitted) . The concurring opinion
simply says that Bradley and Thorpe "invented an utterly new and erroneous
rule." Id. at 1523 (Scalia, J., concurring). On the one hand, the majority
"begin [s] by noting that there is no tension between the holdings in Bradley and
Bowen." Id. at 149 (emphasis in the original). Later, however, [*28] the
majority isolates and limits the troublesome language in Bradley, quoted above,
which created the confusion about the strength of the presumption against
retroactivity. Whether Bradley actually is or is not at odds with pre and
post-precedent need not concern this court. It suffices to recognize that,
contrary to the assertion by Justice, Landgraf does at least clarify the
analysis of retroactivity and, therefore, does "impact this case." n38

• Footnotes-

n38 See also Leonard Charles Presberg, The Civil Rights Act of 1991,
Retroactivity, and Continuing Violations, 28 U. Richmond L. Rev. 1363,
(1994) ("Prior to Landgraf, the Court had utilized two conflicting presumptions
regarding the retroactivity of civil legislation."); Nelson Lund, Retroactivity,
Institutional Incentives, and the Politics of Civil Rights, 1995 Pub. Int. L.
Rev. 87 (1995); Duncan B. Hollis, Employment Discrimination Law, Statutory
Retroactivity, 36 B.C. L. Rev. 373, 385 (1995) ("Beyond the scope of S 1981
cases, however, Rivers, in conjunction with Landgraf, does much to resolve the
confusion surrounding what test a court should apply when a case implicates a
statute enacted after the violative conduct occurred").

_ - _ _ _ - - _ _ _ _ _ _ - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*29]

B.

The major̂ ^̂ rainion in Landgraf sets forth an analysis which, as here
summarized, ̂^̂ Ĉres. a court 1) to determine a) whether Congress has expressly
stated the ̂^̂ f̂a re'ach and b) if not, whether the text and legislative
history hav̂ HHBfcrly prescribed" Congress' intent to apply the provision
retroactively; 2) if not, to determine whether the provision actually has
"retroactive effect on the party or parties in the litigation;" and 3) if so, to
apply the traditional presumption against retroactivity -- absent a clear
congressional intent to the contrary.

The majority opinion's approach breaks down as follows:

1) In the last sentence of Part II of the opinion, the majority says: "Our
first question, then, is whether the statutory text...manifests an intent that
the 1991 Act should be applied to cases that arose and went to trial before its
enactment." 114 S. Ct. at 1492. What follows in Part III of the opinion, 114

LEXIS-NEXIS I LEXIS-NEXIS J LEXiS-NEXIS
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S. Ct. at 1493-96, is an analysis of the arguments based on the text and
legislative history. At the end of this section, the majority determines: "in
the absence °9jtlf kind of unambiguous directive found in Sec. 15 of the 1990
bill [which ê Ĥpitly [*30] provided for .retroactivity] , we must look
elsewhere foî HHance on whether Sec. 102 applies to this case." 114 S. Ct. at

2) Part IV of the opinion, 114 S. Ct. at 1496-1505, discusses the presumption
against retroactivity. The majority notes the "'apparent tension'" between the
different canons of construction found in Bradley as opposed to other Supreme
Court precedents. Id. at 1496. The Court concludes this section with the
following framework for analysis:

When a case implicates a federal statute enacted after the events in suit, the
court's first task is to determine whether Congress has expressly prescribed the
statutes' reach. If Congress has done so, of course, there is no need to resort
to judicial default rules. When, however, the statute contains no such express
command, the court must determine whether the new statute would have retroactive
effect, i.e., whether it would impair rights a party possessed when he acted,
increase a party's liability for past conduct, or impose new duties with respect
to transactions already completed. If the statute would operate retroactively,
our traditional presumption teaches that it does not govern absent [*31]
clear congressional intent favoring such a result. i.l

Id. at 1505. (emphasis added).

3) In Part V of the opinion, 128 L. Ed. 2d 229, 1994 U.S. LEXIS 3292 *71, 114
S. Ct. 1483, 1505-1508, the majority "ask[s] whether, given the absence of
guiding instructions from Congress, Sec. 102 of the Civil Rights Act of 1991 is
the type of provision that should govern cases arising before its enactment."
114 S. Ct. at 1505. They find the new damages remedy to have a retroactive
effect and conclude it "is the kind of provision that does not apply to events
antedating its enactment in the absence of clear congressional intent," 114 at
1506. The section proceeds without reconsidering its earlier discussion of
congressional intent -- other than to reject as insufficient to overcome the
presumption against retroactivity the argument that "retroactive application of
a new statute would vindicate its purpose more fully" 114 S. Ct. at 1507
(footnote omitted) --to conclude that they "have found no clear evidence of
congressional intent that Sec. 102 of the Civil Rights Act of 1991 should apply
to cases arising before its enactment." 114 S. Ct. at 1508.

juM̂ m̂ -
In the fr̂ ^̂ Ejk of analysis as quoted above in 2) , the first step involves

only a deter̂ ^̂ Kon [*32] of whether Congress has made an express statement
concerning f̂ dP̂ ivity; otner evidence of "clear congressional intent" is left
to step three. In the opinion itself, however, the Court considers both express
and other evidence of congressional intent in the first step. As reflected from
the quotes from Parts II and III of the opinion, see 1) , the Court does not
clearly differentiate between express language and other clear language of
intent from the statute or legislative history. While it does not seem to matter
whether the discussion of intent is confined to step one or divided between step
one and step three, the analysis here follows what Landgraf in fact does.

1. Has Congress expressed its intent on CERCLA retroactivity?

LEXIS-NEXIS mi LEXIS-NEXIS ^1 LEXIS-NEXIS
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CERCLA contains no language explicitly stating it is retroactive. n39 Under
language in someSupreme Court opinions, that failure would be fatal for
retroactivitJIBpLted States v. Heth, 7 U.S. 399, 3 Cranch 399, 414, 2 L. Ed.
479 (1806). ̂ Ĥ̂ tng, J.) ("It [is] unreasonable in my opinion, to give the law
a constructi^MMfich would have such a retrospective effect, unless it contained
express words^o that purpose.") While Landgraf [*33] demonstrates a
preference for express language regarding retroactivity n40 and seems to warn
Congress about the danger of not being explicit, n41 its discussion of other
(i.e., non-express) statutory language and legislative history establishes that
these should be considered in determining congressional intent.

•Footnotes-

n39 As Justice and the other parties in Georgeoff agreed, "there are no
unequivocal statements in the [CERCLA] statute indicating a Congressional intent
to make it apply retroactively." 562 F. Supp. at 1309.

n40 See discussion in B., supra and n. 41, infra.

n41 Although the passage of the, 1990 bill may indicate that a majority of
the 1991 Congress also favored retroactive application, even the will of the
majority does not become law unless it follows the path charted in Article I* §
1, cl. 2 of the Constitution. See INS v. Chadha, 462 U.S. 919, 946-951, 103 5*.
Ct. 2764, 2781-2784, 77 L. Ed. 2d 317 (1983). '«

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

a) Non-Express Statutory Language.

In resolving retroactivity [*34] issues, Landgraf instructs that the
answer may vary among provisions within an act. 114 S. Ct. at 1494 and 1505.
Accordingly, the analysis focuses on the particular provisions of CERCLA, at
issue in the complaint, Sections 106(a) n42 and 107(a). n43 Under Section 106(a)
the government seeks injunctive relief in the first claim of the complaint.
Although injunctive relief is ordinarily prospective, when it requires a party
to spend funds related to actions taken prior to CERCLA's enactment, such relief
is nevertheless retroactive. See Georgeoff 562 F. Supp. at 1303-05. Thus to the
extent that the government's claims under 106(a) and 107(a) relate to actions
taken prior to the effective date of CERCLA, they involve the issue of
retroactivity.

• Footnotes-

n42 SectnBMtfa) of CERCLA, 42 U.S.C. § 9606 (a) , provides in pertinent
part:

In addition to any other action taken by a State or local government, when the
President determines that there may be an imminent and substantial endangerment
to the public health or welfare or the environment because of an actual or
threatened release of a hazardous substance from a facility, he may require the
Attorney General of the United States to secure such relief as may be. necessary
to abate such danger or threat, and the district court of the United States in
the district in which the threat occurs shall have jurisdiction to grant such
relief as the public interest and the equities of the case may require.
[•35]
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n43 Section 107 (a) of CERCLA, 42 U.S.C. § 96007 (a), provides, in pertinent
part :

(1) the ownê B̂K operator of a vessel or a facility; [and]

(2) any pers^QHvo at the time of disposal of any hazardous substance owned or
operated any facility at which such hazardous substances were disposed of ...

shall be liable for --

(A) all costs of removal or remedial action incurred by the United States
Government ... not inconsistent with the national contingency plan ....

•End Footnotes-

The Justice Department devotes little attention to statutory language as
evidence of congressional intent. To the extent it does, Justice's brief relies
on Northeastern's observation that "the language used in the key liability
provision, CERCLA § 107 ... refers to actions and conditions in the past tense."
Northeastern, 810 F.2d at 733. Georgeoff, after a more extensive analysis, finds
the use of the past tense not dispositive. n44 Even while finding other terms
supportive of retroactivity, Georgeoff states that the statutory provisions are
insufficient to overcome the presumption [*36] of retroactivity.

:i

Despite these statutory arguments, the Court is unable to declare that the
statute evidences the "imperative character" required to overcome the
presumption against retroactivity. Regardless, these provisions provide some
evidence that Congress intended CERCLA to apply retroactively. The Court,
therefore, will consider these statutory terms as indicia, but not dispositive
indicia, of a Congressional intent to allow retroactive application of CERCLA.

562 F. Supp. at 1311. Shell Oil agrees with Georgeoff. n45 Georgeoff's and Shell
Oil's conclusion that the statutory language in CERCLA is not sufficient to
establish retroactivity is persuasive. Although Northeastern arguably n46
reaches a contrary conclusion, it does so without conducting nearly as extensive
an analysis as done in Georgeoff. This court concludes, therefore, that the
language of section 107 provides "no clear evidence of Congressional intent," as
required by Landgraf, that CERCLA's liability provisions be given retroactive
effect.

-Footnotes-

n44 Seê ^̂ Ĥlly 562 F. Supp. at 1309 - 11. "It will be unnecessary to
construe thê Hra 'accepted' to apply to pre-enactment conduct to give it
effect. 'Accepted' may apply to pre-enactment conduct, but the Statute does not
require such an application." Id. at 1310. [*37]

n45 "I find and conclude that congressional intent to either impose or
withhold liability for response costs incurred before CERCLA cannot be divined
from the verb tenses in S 107 (a) ." 605 F. Supp. at 1073.

n46 Despite the language cited in n. 37, supra, Northeastern goes on to
follow the Shell Oil analysis and cites approvingly that court's finding that
congressional intent to impose liability for pre-enactment response costs
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cannot be divined from the verb tenses in § 107 (a) . See 810 F.2d at 735.

- - - - - - -End Footnotes -

Section IQ^HBitains no language indicating congressional intent to authorize
relief that i^retroactive. n47 If anything, the language suggests the very
argument, later made by Justice, that CERCLA liability is not "retroactive." The
pertinent language of § 106 borrows from law on the abatement of nuisance; it
refers to "an imminent and substantial endangerment to the public health or
welfare or the environment" and provides "such relief as may be necessary to
abate such danger or threat." n48 Georgeoff records Justice's unsuccessful
attempt to argue that, although it reaches [*38] pre-enactment conduct,
legislation designed to alleviate a continuing public nuisance does not act
retroactively." 562 F. Supp. at 1304. United States v. So. Carolina Recycling
and Disposal Inc., 653 F. Supp. 984 (D. S.C., 1984-) , on the other hand, adopts
that argument. n49 As discussed below, Landgraf now precludes such attempts to
avoid the issue of retroactivity. The fact that in the early cases Justice
thought it necessary to argue, at least in the alternative, that CERCLA is not
retroactive certainly indicates Justice's initial concern that courts might not
find a clear congressional intent that CERCLA be applied "retroactively."

- - - - - - _ - _ _ - . -Footnotes- - - - - - - - - - - - - - - - - -

n47 See 106(a) quoted in n. 42, supra. a

n48 Id.

n49 "Although liability under CERCLA is premised in part upon conduct which
occurred prior to CERCLA's enactment in 1980 this court does not consider
CERCLA 'retroactive' in the constitutional sense as applied to the facts of this
case." 653 F. Supp. 984, 996.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

b) Legislative History.

CERCLA itself has [*39] almost no legislative history.

Although Congress had worked on "Superfund" cleanup of toxic and hazardous
waste bills, and on parallel oil spill bills for over three years, the actual
bill which bjMĤ Public Law No. 96-510 had virtually no legislative history at
all, becauŝ ^̂ Kill which became law was hurriedly put together by a
bipartisan ^̂ ^̂ phip group of Senators--with some assistance of their House
counterpartvOMBteduced and passed by the Senate in lieu of all pending
measures on the subject. It was then placed before the House, in the form of a
Senate amendment of the earlier House bill. It was considered on December 3,
1980, in the closing days of the lame duck session of an outgoing Congress. It
was considered and passed, after very limited debate, under a suspension of the
rules, in a situation which allowed for no amendments. Faced with a complicated
bill on a take-it-or-leave-it basis, the House took it, groaning all the way.

Frank P. Grad, Treatise on Environmental Law Sec. 4A.02[2][a], at 4A-51 (1994).
(footnote omitted) (Hereinafter, "Grad") (emphasis added).
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The unusual lack of legislative history, as reflected by the failure even to
produce [*40] a House — Senate Conference Report, is attributable to "the
delicate nat4MB£ the compromise" which led to passage, according to the
Preface to t̂ ^̂ fcngressional Research Service Legislative History. n50 Much of
what passes ̂^K«gislative history of CERCLA, therefore, comes from "bills
introduced ww^W'contributed to some extent to the final act." nSl

-Footnotes-

n50 "A Legislative History of the Comprehensive Environmental Response
Compensation, and Liability Act of 1980 (Superfund), public Law 96-51Q." Comm.
on Environment and Public Works, U.S. Senate, 97th Cong., 2d Sess. Vol. l at
VII.

nSl Grad at 4A-51.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - -

In Landgraf, the Supreme Court does consider a prior bill as part of its
review of the legislative history. The Court places some weight on the fact that
a bill vetoed in the previous year had explicitly provided for retroactivity .
The legislative history considered in Landgraf comes not from committee reports,
but from the language of the prior bill itself. The fact that the later enaqged
legislation [*41] had no such provision prompts the Court to infer: "it sterns
likely that one of the compromises that made it possible to enact the 1991
version was an agreement not to include the kind of explicit retroactivity
command found in the 1990 bill," 114 S. Ct. at 1495 (emphasis in the original).

As acknowledged in Georgeoff , "the precise issue of retroactivity. . .was not
addressed in Congressional debates," 562 F. Supp. at 1311, including debate on
prior bills. Id. Under Landgraf, that fact would seem to be nearly fatal to any
attempt to overcome the presumption against retroactivity.

The Justice Department attempts to distinguish CERCLA from the civil rights
statute considered in Landgraf because no bill prior to CERCLA explicitly
provided for retroactivity. See "Pi's Mem. on Retroactivity11 at 4-5. That fact,
however, does not strengthen the case for retroactivity. It only means that what
Justice and other courts have labeled the legislative history of CERCLA may not
be as clear as was the legislative history of the Civil Rights Act considered in
Landgraf. It still remains for Justice to demonstrate that the legislative
history doê ^̂ Min clear intent of CERCLA' s [*42] retroactivity. In
attempting ̂ ^̂ ITso, Justice contends that the "history, as analyzed by the
courts, den̂ ^̂ B̂tes unequivocally that Congress was concerned about past,

^Kb of disposal." "Pi's Mem" at 8.

The argument of Justice, relying as it does on past cases, fails to overcome
the presumption against retroactivity because those prior cases do not follow
the analysis of Landgraf and because they find clarity in legislative history
which does not exist . Many of the past cases are unclear about two things which
are distinguished in Landgraf: congressional intent and retroactive effect. As
discussed below, Landgraf struggles with the term "retroactive." The majority
excludes certain statutes from the presumption against retroactivity, n52
specifically procedural and jurisdictional statutes. See 114 S. Ct. at 1501-02.
Approving of Justice Story's discussion in Society for Propagation of the Gospel
v. Wheeler, 2 Gall. 105, 22 F. Cas . 756 (No. 12,156) (CCDNH 1814), the
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majority says:

A statute dô AHft operate "retroactively" merely because it is applied in a
case arising ̂^̂ f conduct antedating the statute's enactment . . .
114 S. Ct. a<
[*43]

In other words, the fact that legislation might have retroactive effect does not
necessarily mean that Congress clearly intended that it be so applied.

• Footnotes-

n52 "Even absent specific legislative authorization, application of new
statutes passed after the events in suit is unquestionably proper in many
situations." 114 S. Ct. at 1501.

•End Footnotes-

In searching the legislative history, some courts have placed weight on
sources that have little no value. As two commentators write: "the available
reports pertaining to prior versions of the legislation are of little value in
interpreting the statute -- CERLCA, as enacted, differed significantly from
previous proposals." Allan J. Topol and Rebecca Snow, Superfund Law and r1,
Procedure § 1.1. at 5 (St. Paul, West; 1992). -s

The most that can be said from the legislative history is that Congress left
many questions, including retroactivity, as open ones to be decided later. Like
Landgraf, the circumstances surrounding passage of CERCLA strongly suggest that
the failure expressly [*44] to prescribe the reach of the statute was
deliberate on Congress' part.

It would have been a simple matter for Congress to have included a provision
within the Act providing that liability would be imposed retroactively. Given
the undoubted Congressional awareness of an existing problem, this omission
takes on special importance. There can be no question that Congress was aware
that the issue of retroactivity could arise. Yet, Congress failed to make this
statement .

Georgeoff. 562 F. Supp. at 1309.

The polit̂ M̂ £ ircumstances suggest why there was little actual legislative
history and̂ ^̂ ltongress left many issues deliberately ambiguous. n53

In 1980, CÊ Ĥperged from the lame duck session of Congress after President
Carter had been defeated and former Governor Reagan had yet to assume the
presidency. Its language was derived mainly from S. 1480, 99th Cong., 2d Sess.
(1980) , a bill that had been reported from the Senate Committee on Environment
and Public Works but that had little hope for passage in its complete form. A
group of approximately 25 to 30 senators, with assistance from House members and
the outgoing Administration (at one point including [*45] President Carter
himself), and crafted new legislative language to paper over policy disputes on
which there was no consensus. Because many such disputes remained after these
negotiators finished their deliberations, floor debate in the Senate often
contain rival explanations of the same provisions of CERCLA.
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Alfred R. Light, CERCLA Law and Procedure Compendium (BNA; Washington, D.C.,
1992) at 1-1.

. - . . _ . _ . - Footnotes-

n53 As SeffK Randolph stated in part in explaining the liability provisions
of the Compromise:

The liability regime [Sec. 109] in this substitute contains some changes in
language from that in the bill reported by the Committee on Environment and
Public Works. The changes were made in recognition of the difficulty in
prescribing in statutory terms liability standards which will be applicable in
individual cases. The changes do not reflect a rejection of the standards in the
earlier bill.

Unless otherwise provided in this act, the standard of liability is intended
to be the same as that provided in section 311 of the Federal Water Pollution
Control Act (33 U.S.C. 1321). I understand this to be a standard of strict
liability.

It is intended that issues of liability not resolved by this act, if any,
shall be governed by traditional and evolving principles of common law. An
example is joint and several liability, Any reference to these terms has been;
deleted, and the liability of joint tortfeasors will be determined under common
or previous statutory law.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*46]

The circumstances explain why Congress decided not to decide many issues,
leaving them for others -- the EPA and the courts--to decide. The fact that
CERCLA includes a legislative veto, see 42 U.S.C. § 9655, since determined to be
unconstitutional, see INS. v. chadha, 462 U.S. 919, 103 S. Ct. 2764, 77 L. Ed.
2d 317 (1983), suggests that members of Congress may not have been as concerned
as they should have been about a number of issues, including retroactivity,
because they assumed incorrectly that Congress has the power to "fix it" later
without concern about a presidential veto. Whatever the reasons, the legislative
history lacks the clear congressional intent to make CERCLA liability
retroactive.

JMM̂ ^̂ p-Given tĥ HIH* language- -express or otherwise--and the legislative
history--br̂ ^̂ f̂end narrowly understood--fail to demonstrate a clear
congression̂ ^̂ f̂ent. for retroactivity, Landgraf requires that the presumption
against retro^cTwity be applied if the statute is one to which that presumption
applies.

2. Does CERCLA Have Retroactive Effect?

Landgraf does not simply ask: is the statute retroactive? Framing the
question that way, as have a number of the lower federal [*47] courts,
reduces the analysis to a matter of labeling rather than distinguishing between
the effect of the statute and the intent of Congress as does Landgraf. n54 A few
of the early cases manipulate the label "retroactive" apparently as a way of
avoiding the issues of congressional intent and constitutionality. Thus United
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States v. South Carolina Recycling Disposal Co., 653 F. Supp. 984 (D.S.C.,
1994), aff'd in part and vac. in part sub nom. United States v. Monsanto Co.,
858 F.2d 160 ̂||feCir., 1988), cert, denied, 490 U.S. 1106, 104 L. Ed. 2d 1019,
109 S. Ct. 3]̂ ^̂ BL989), concludes that considering pre-enactment conduct does
not make CER^^^Kability "retroactive" because the statute actually imposes
liability fowBB^ post enactment releases or threatened releases. Although the
Justice Department now contends that CERCLA is clearly retroactive, early cases
reflect that Justice made the argument that CERCLA is not retroactive. See e.g.,
Georgeoff 562 F. Supp. at 1304. n55

-Footnotes-

n54 114 S. Ct. at 1499.
Rather, the court must ask whether the new provision attaches new legal
consequences to events completed before its enactment. The conclusion that a
particular rule operates "retroactively" comes at the end of a process of
judgment concerning the nature and extent of the change in the law and the
degree of connection between the operation of the new rule and a relevant past
event.
[MS]

n55 562 F. Supp. at 1304 (emphasis added).
? I

The Court next turns to a consideration of Justice's position. Under the ^
liability provisions of CERCLA, 42 U.S.C. § 9607(a), a "release or threatened,
release" of hazardous wastes is required to trigger liability. Justice argues
that the release at the Dump is a continuing release of hazardous waste
triggering liability at any time before the wastes' removal. Because the waste
has yet to be removed, BFI has engaged in conduct taking place after the
enactment of CERLCA. Imposition of liability, therefore, would not be
retroactive because at least some of the facts giving rise to the liability are
based on events taking place after the enactment of CERCLA.

In support of this argument, Justice cites a number of cases which it argues
hold that legislation designed to alleviate a continuing public nuisance does
not act retroactively. Samuels v. McCurdy, 267 U.S. 188, 45 S. Ct. 264, 69 L.
Ed. 568 (1924); Chicago & Alton Railroad Company v. Tranbarger, 238 U.S. 67, 35
S. Ct. 678, 59 L. Ed. 1204 (1914); City of Bakersfield v. Miller, 64 Cal. 2d 93,
410 P.2d 393, 48 Cal. Rptr. 889 (1966); People of Illinois v. Jones, 329 111.
App. 503, 69 N.E.2d 522 (4th Dist. 1946).

^̂ ^̂ ^ -End Footnotes-
[*49]

Under the Landgraf's analysis, CERCLA liability certainly has "retroactive
effect" because as applied in this and many other cases it easily falls within
the explanatory language of that term. That is to say, the Justice Department's
attempt in this case to impose liability under S 107 (a) largely on actions
occurring prior to the statute's effective date "would impair rights a party
possessed when he acted, increase a party's liability for past conduct, or
impose new duties with respect to transactions already completed." 114 S.C. at
1505. What Landgraf said about compensatory damages can be said about the
financial liabilities under CERCLA for pre-enactment conduct: "the new damages
remedy in Sec. 102, we conclude, is the kind of provision that does not apply to
events antedating its enactment in the absence of clear congressional intent."
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114 S. Ct. at 1506.

3. Should flJHfresumption Against Retroactivity be Applied?

In the thi^HKep of the analysis, Landgraf asks "whether, given the absence
of guiding inŝ TCtion from Congress, the [particular section of the act] is the
type of provision that should govern cases arising before its enactment. The
Court does [*50] not ask generally whether the act is retroactive, but
focuses on the particular section. The opinion then distinguishes between a
procedural provision of that section (jury trial right) which would "presumably
apply to cases .. . regardless of when the underlying conduct occurred," n56 and
its punitive and compensatory damages provisions. Recognizing that
"retrospective imposition of punitive damages would raise a serious
constitutional question", Id. at 1505, the Court avoids that constitutional
question by interpreting the punitive damages provision not to be retroactive.
n57 The provision "authorizing recovery of compensatory damages is not easily
classified," id., according to the Court, because the conduct itself was already
unlawful--only the remedy was new--and also because compensatory damages are not
punitive. Despite these differences, Landgraf applies the presumption against
retroactivity even to the compensatory damages provision.

•Footnotes-

n56 In Landgraf, the right to a jury trial does not apply retroactively, ,v
despite the fact that it is a procedural provision, because this right is :

attached to the punitive and compensatory damages provisions, to which the
presumption against retroactivity applies. See 114 S. Ct. at 1505. [*51]

n57 114 S. Ct. at 1506. "Before we entertained that [constitutional]
question, we would have to be confronted with a statute that explicitly
authorized punitive damages for pre-enactment conduct. The Civil Rights Act of
1991 contains no such explicit command."

•End Footnotes-

The CERCLA provision, § 107(a), as applied in this case falls somewhere
between the punitive damage and the compensatory damage provisions considered in
Landgraf. In this case, punitive damages are not sought. Nevertheless, S 106
does provide for fines for failure to comply with an executive branch abatement
order; such fines are clearly punitive. Section 107(c)(3) also authorizes
punitive, tral̂ btemages. The EPA uses the threat of punitive damages as a
negotiating ̂ ^̂ Ki58- Given the very real threat of punitive damages, CERCLA
retroactivit̂ ^̂ B) very nearly the same "ex post facto" danger referred to in
Landgraf. ll4VHBb. at 1505-06. According to Landgraf, a provision for punitive
damages should not be construed as retroactive unless the language forces that
conclusion because the court must then confront substantial [*52]
constitutional questions which follow.

•Footnotes-

n58 The EPA's use of punitive damages is laid out in its "Superfund
Enforcement Strategy and Implementation Plan, " as reprinted in Alfred R. Light,
CERCLA Law and Procedure Compendium at III-6:
As authorized under sections 106 and 107, the government will pursue cases
involving treble damages and penalties for violations of unilateral and
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consent orders. Taking such actions is important for establishing a credible
deterrent. These actions are available against persons who fail without
sufficient cjHflMto comply with orders.

-End Footnotes -

Regardless of the threat of punitive damages, retroactive CERCLA Liability is
more egregious than the compensatory relief which the Court refused to apply
retroactively in Landgraf. In the instant and many other cases, liability under
CERCLA would require compensation for actions which when taken violated no
federal or state law. At least as to the compensatory damages remedy sought in
Landgraf, it could be said that retroactivity [*53] involved no new legal
standard concerning the conduct itself. n59 Nevertheless, even on the
compensatory damages issue Landgraf says, "it is the kind of provision that does
not apply in the absence of clear congressional intent." Certainly, under
Landgraf principles, CERCLA liability is the kind that does not apply
retroactivity without clear congressional intent.

-Footnotes-

n59 See 114 S. Ct. at 1506:
It does not make unlawful conduct that was lawful when it occurred; as we hagfe
noted, supra, at 1490-1491, § 102 only reaches discriminatory conduct already
prohibited by Title VII. Concerns about a lack of fair notice are further muted
by the fact that such discrimination was in many cases (although not this one)
already subject to monetary liability in the form of backpay. Nor could anyone
seriously contend that the compensatory damages provisions smack of a
"retributive" or other suspect legislative purpose. Section 102 reflects
Congress' desire to afford victims of discrimination more complete redress for
violations of rules established more than a generation ago in the Civil Rights
Act of 1964. As least with respect to its compensatory damages provisions, then
§ 102 is not in a category in which objections to retroactive application on
grounds of fairness have their greatest force.

. . . . . . . - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*S4]

As discussed above, pre- Landgraf cases addressing CERCLA retroactivity are
unreliable. ̂ MM̂  these cases, Justice places particular reliance on
Northeaster̂ B̂fcx characterizes CERCLA as "overwhelmingly remedial and
retroactivê ^̂ ĥa having a "backward focus." Such labels only confuse the
issue as ê ^̂ ÎBi by Landgraf. Legislation cannot be remedial if the conduct
being " remedfeo^was lawful at the time of its occurrence. As discussed above,
determining that a statute has "retroactive effect" is only part of the
analysis; by itself, it does not indicate Congress' intent. Northeastern' s
statement about CERCLA having a "backward focus, " is no more dispositive than a
similar characterization of the compensatory damage provision discussed in
Landgraf .

Unlike certain other forms of relief, compensatory damages are quintessentially
backward- looking. Compensatory damages may be intended less to sanction
wrongdoers than to make victims whole, but they do so by a mechanism that
affects the liabilities of defendants. They do not "compensate" by
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distributing funds from the public coffers, but by requiring particular
employers to pay for harms they caused. [*55] The introduction of a right to
compensatoryjflMBges is also the type of legal change that would have an impact
on private P̂ HvB' planning.

114 S. Ct. atr "s06. (emphasis added in first sentence only). Landgraf insists
that in no case "in which Congress had not clearly spoken, have we read a
statute substantially increasing the monetary liability of a private party to
apply to conduct occurring before the statute's enactment." 114 S. Ct. at 1507.
Liability under CERCLA certainly must be in accord with this principle. The fact
that "retroactive application of [this] statute would vindicate its purpose more
fully", as in Landgraf, "is not sufficient to rebut the presumption against
retroactivity." Id. at 1507-08.

Only one sentence in Landgraf, if taken in isolation, lends any support at
all to Justice's position. Near the end of the opinion, Landgraf says: "Section
102 is plainly not the sort of provision that must be understood to operate
retroactively because a contrary reading would render it ineffective." Id. at
1508 (emphasis in original). Justice's argument boils down to a claim that
CERCLA must be read to be retroactive.

Without any doubt, [*56] in CERCLA Congress is addressing an existing .
situation as well as future problems. In this respect, CERCLA certainly has 4'
"backward focus." It does not follow, however, that the liability provision
"must be understood to operate retroactively because a contrary reading would
render it ineffective." Early on, the Justice Department itself argued, at least
in the alternative, that CERCLA's liability provision need not be interpreted to
be retroactive. See Georgeoff at 1304-1306. Quickly, however, that argument
failed, but ultimately became unnecessary as courts approved of applying
CERCLA retroactively. Citing certain "main policy objectives underlying CERCLA .
. . and the need for a liberal interpretation of the Statute, the courts have
expanded the scope of CERCLA liability well beyond anything that Congress itself
could have envisioned." Allan J. Topol and Rebecca Snow, 1 Superfund Law and
Procedure, § 1.1 at 6 (West Pub.; St. Paul, Minn. 1992).

Justice confuses what it, the EPA, and a number of courts consider desirable
with what it can be said Congress clearly intended. Insofar as pre-enactment
releases are concerned, the purpose of CERCLA can be covered through the
Superfund. t*57] The EPA, however, has chosen to recover as much as possible
from private parties, n60 no doubt in part due to Congress' failure to provide
sufficient rJHMKes to pay for cleaning all the sites, even as the need was
thought to t̂ ^̂ KdSO. See Georgeoff 562 F. Supp. at 1312-13. while Georgeoff
takes the l̂ ^̂ K̂unding as an indication of congressional intent to make
CERCLA retroHMB,- Id. at 1313, lack of funding does not render the operation
of the statute itself ineffective in the sense used in Landgraf.

-Footnotes-

n60 See "Superfund Enforcement Strategy and Implementation Plan" (Sept. 26,
1989) reprinted in Alfred R. Light, CERCLA Law and Procedure Conpendium (BNA,
Washington, D.C., 1992) at III-2.
EPA will consider private party responses as the preferred approach for the
majority of Superfund sites. At the same time, EPA will retain the maximum
amount of leverage to use the Fund at specific sites where negotiations are
unsuccessful. The goal of the government is to negotiate an agreement for 100%
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of response costs.

- End Footnotes-
[*58]

Landgraf mentions accepted means such as certain taxes and zoning regulations
by which governments "impose burdens on past conduct." 114 S. Ct. at 1499,.n.
24. n61 Such means, if not otherwise unconstitutional, allow legislators to
"remedy" past conduct. Legislators can address environmental damage; however,
under the "Takings Clause," n62 "confiscatory regulations ... cannot be newly
legislated or decreed (without compensation), but must inhere in the title
itself, in the restriction that background principles of the State's law of
property and nuisance already place upon land ownership." Lucas v. So. Carolina
Coastal Covn., 505 U.S. 1003, 1029, 112 S. Ct. 2886, 120 L. Ed. 2d 798 (1992).
As Landgraf observes, the "Takings Clause" is one of several constitutional
provisions which incorporate the anti-retroactivity provisions. 114 S. Ct. at
1497. of course, agencies and officials at all levels of government generally
would wish to induce or compel particular parties to pay for government
initiatives rather than having to impose a general tax. However, the general
presumption against retroactivity and particular constitutional provisions are
designed to limit, and in some [*59] instances to prevent, governments from
doing so. »;

•Footnotes-

n61 See also 114 S. Ct. at 1506. ("They do not 'compensate' by distributing
funds from public coffers, but by requiring particular employers to pay for
harms caused.")

n62 U.S. Constitution, Amendment V.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

Ironically, the EPA has resisted the retroactivity principle when it would
have worked in favor of private parties. Under Section 106(b)(2)(A), added in
1986 by Superfund Amendments and Reauthorization Act ("SARA"), private parties
can seek certain reimbursement from the Superfund. n63 The EPA has "adopted the
position that orders issued before the passage of SARA do not provide the
petitioner with a right to reimbursement against the Fund." 2 Superfund Law and
Procedure susraft 11.1 at 272 (footnote omitted). Courts have generally agreed
with the EP̂ ^̂ Etion. See cases cited in id., n. 7-10.

• Footnotes-

n63 Section 106(b)(2)(A) provides that "any person who receives and complies
with the liens of any [Section 106 (a) order] may, within 60 days after
completion of the required action, petition the President for reimbursement from
the Fund for the reasonable costs of such action, plus interest."

End Footnotes-

Nothing presented in the Justice Department brief or pre-Landgraf cases
concerning the statutory language of CERCLA or its legislative history
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demonstrates that Section 107(a) (and/or Section 106(a) as related to it in this
case) is "thesort of provision that must be understood to operate retroactively
because a comĵ f̂f reading would render it ineffective." 114 S. Ct. at 1508.
Accordingly, ̂̂ Hf court holds that Section 107 (a), a Section 106 (a) as linked to
it in this clHB̂  not retroactive.

III. CONSTITUTIONAL ISSUES

The holding that Sections 106(a) and 107(a) cannot be given retroactive
effect resolves much, but not all, of this case. Moreover, because of the
court's statutory interpretation holding, the court need not rule on the due
process constitutional issue, which applies only to pre-enactment conduct. The
complaint, however, covers conduct which, while largely occurring prior to the
effective date of CERCLA in 1980, includes some post-enactment conduct. n64 As
the defendant mentions in its brief, the provisions of the consent decree
respond "mostly with respect to waste disposal activities that preceded the
enactment of CERCLA in 1980" (emphasis added). [*61] After briefly
addressing one constitutional issue which has been mooted by the court's holding
on pre-enactment conduct, the court considers more fully those constitutional
issues which are not limited to pre-enactment conduct.

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - - - . -

^
n64 See Complaint P's 12 and 18. J

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

A. Retroactivity and Due Process

Landgraf recognizes the due process and other constitutional concerns lurking
in the background of the interpretive issue of whether Congress intended
retroactive application. See 114 S. Ct. at 1497-98. Such constitutional
considerations seem to have contributed to the Court's confirmation of the
presumption against retroactivity. Yet, with the possible exception of a
punitive damages provision, the Court seems to accept that Congress has the
constitutional power to give a statute retroactive effect if it clearly intends
to do so. Landgraf, 114 S. Ct. at 1499 ("Since the early days of this Court, we
have declined to give retroactive effect to statutes burdening private rights
unless Congress [*62] has made its intent clear." (emphasis added)). Given
the court's statutory interpretation of CERCLA, there is.no need to reach the
constitution̂ g|§§Jidity of retroactive application of CERCLA under the due
process clai

B. DelegaVIPvf Legislative Power

The defendant contends that CERCLA unconstitutionally "delegates to EPA the
basic policy decisions" with "no 'intelligible standard' to guide EPA's
decisions about which contaminated sites pose significant risks and how much
money should be spent to reduce or eliminate such risks." Def.'s Mem. of Law in
Resp. to Ct.'s Ord. of Sept. 19, 1995 at 20-21. This constitutional challenge
attacks CERCLA as generally administered by the EPA. This broader challenge
based on the non-delegation doctrine has not been mooted by the holding that
CERCLA liability cannot be applied retroactively.
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The EPA's decision to apply CERCLA retroactively against private parties
represents one example of what the defendant contends is the unauthorized
exercise of IJHpative power. One way of understanding the decision in Landgraf
is to view i^Hpapplying a specific rule of non-delegation, namely that
Congress car^^^Breave such a basic legislative [*63] decision as a statute's
possible retroactivity to the executive and judicial branches. Both the
presumption against retroactivity and the non-delegation doctrine derive from
the more fundamental doctrine of separation of powers. Thus, Landgraf cites" INS
v. Chadha, 462 U.S. 919, 103 S. Ct. 2764, 77 L. Ed. 2d 317 (1983), in support of
the proposition that "even the will of the majority does not become law unless
it follows the path charted in Article I, § 7, cl. 2 of the Constitution." 114
S. Ct. at 1496. Landgraf could also have cited Chadha as to what is "essentially
legislative", namely Congressional "action that [has] the purpose and effect of
altering the legal rights, duties, and relations of persons." 462 U.S. at 952.

Chadha, which is the first modern case to declare a congressional statute
unconstitutional on clear separation-of-powers grounds, illustrates the
relationship between the general doctrine and particular constitutional
provisions. Chadha declares the one-house legislative veto void because it
violates the bicameralism and the presentment clauses. Following Chadha, a line
of separation-of-powers cases raise various issues, including [*64]
delegation of powers and removal from office. See Metro. Washington Airports
Author, v. Citizens for the Abatement of Aircraft Noise, Inc., 501 U.S. 252,̂ .11
S. Ct. 2298, 115 L. Ed. 2d 236 (1991) (invalidating a provision in a federal -
statute approving an agreement for the transfer of two Washington-area airports
from the U.S. Department of Transportation to an "Airports Authority," which
created a "Board of Review" consisting of nine members of Congress because it
violated separation of powers either by allowing members of Congress to exercise
executive power or by allowing members of Congress to enact legislation without
complying with the bicameralism and presentment requirements of the
Constitution.); Mistretta v. United States, 488 U.S. 361, 109 S. Ct. 647, 102 L.
Ed. 2d 714 (1989) (finding no separation-of-powers violation in a statute
establishing the United States Sentencing Commission as "an independent
commission in the judicial branch of the United States" with removal by the
President of commission members; Morrison v. Olson, 487 U.S. 654, 108 S. Ct.
2597, 101 L. Ed. 2d 569 (1988) (finding no separation -of- powers violation in a
statute providing for the appointment [*65] of "Independent Counsel" by a
panel of Article III judges and removal only for cause by the Attorney
General.),- Bowsher v. Synar, 478 U.S. 714, 106 S. Ct. 3181, 92 L. Ed. 2d 583
(1984) (holding that the provision in the Balanced Budget and Emergency Deficit
Control Act Jftftp executive power to the Comptroller General, who was removable
by Congressĵ Ĥfrted separation of powers) .

In Chadhl̂ HBItlsAent worried that the Court's decision threatened the
"modern administrative state." See 462 U.S. at 984-89. As the post-Chadha cases
summarized above reflect, the Court has not consistently pursued a rigorous
separation-of-powers approach. nSS Consequently, the modern administrative state
has not been much disturbed by the line of cases cited above. A rigorous
separation-of-powers approach, which would include a stricter non-delegation
doctrine, would greatly curtail the rule-making authority of administrative
agencies, n66 including the EPA. n67 By itself, however, a broad non-delegation
constitutional challenge to CERCLA cannot currently succeed. Under present
Supreme Court jurisprudence, "there is no significant 'anti-delegation'
principle which restricts the exercise of [*66] the commerce power." John E.
Nowak and Ronald D. Rotunda, Constitutional Law (St. Paul, West; 1995) at 156.
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•Footnotes-

n65 It iŝ Ĥp1 mentioning that the two cases in which the Court fails to
find a viol̂ ^̂ K-of separation of powers, Morrison and Mistretta, involve
statutes whî ^̂ ive powers to the judiciary.

n66 Professor Bernard Schwartz has written about a first draft of the Bowsher
opinion which would have cast doubt on the constitutionality of independent
agencies :

since it virtually would have placed the Supreme Court imprimatur upon the claim
that independent agencies are unconstitutional.

. . . The years before Bowsher had seen a revival of the claim that the
independent agencies were unconstitutional because, though they exercised
"executed power," they were not subject to presidential control. The argument
against the agencies received the support of the Reagan Department of Justice. .

n67 The activities of the EPA under CERCIA include a double delegation. %
First, Congress has delegated to the President. Sec. 106. Then the President'has
delegated to EPA. (Executive Order 12580 of January 3, 1987).

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*67]

A year ago, of course, it could have been said that almost nothing restricts
Congress' exercise of the commerce power. In the interim, the jurisprudence has
become unsettled due to the Supreme Court's decision in United States v. Lopez,
514 U.S. , 115 S. Ct. 1624, 131 L. Ed. 2d 626 (1995), which, for the first
time in more than fifty years, struck down a congressional statute which
regulates non-state activity n68 on grounds that it exceeded Congress' power
under the Commerce Clause. Some of the concerns raised by the defendant under
the non-delegation doctrine overlap with the issues in Lopez, to which this
court now turns.

•Footnotes-

n68 Natî B̂feague of Cities v. Usery, 426 U.S. 833, 96 S. Ct. 2465, 49 L.
Ed. 2d 245 ̂^̂ K̂- overruled by Garcia v. San Antonio Metro Transit Auth. 469
U.S. 528, r*m0Gt. 1005, 83 L. Ed. 2d 1016 (1985), invalidated provisions in
the Fair Labor Standards Act applicable to state and local governments as
exceeding Congress' power under the Commerce Clause.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*681

C. The Commerce Clause

The Supreme Court's interpretation of the Commerce Clause has expanded
greatly over the better part of the last two centuries. In one pre-Lopez case, a
federal district court described the expansion of that clause as follows:
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To be wichin the ambit of the Commerce Clause, an activity originally had to be
commerce that̂ t̂ed across state lines. With time, courts began to hold that the
commerce neet̂ ^̂ Er affect movement across state lines. Finally, courts dropped
the commerce^^^Rrement and applied the Clause to any activity that affects
movement acr(((Bfeate lines. The sole remaining limitations on Congress's power
under the Commerce Clause is the requirement that the effect on commerce be
substantial.

Michigan Protection & Advocacy Service v. Babin, 799 F. Supp. 695, 735 (E.D.
Mich. 1992), aff'd, 18 F.3d 337 (6th Cir. 1994).

Since the 1930's the Supreme Court has found very little in the Constitution
that limits Congress' power to justify legislation under the Commerce Clause.
Prior to United States v. Lopez, 514 U.S. , 114 S. Ct. 1624 (1995), the only
unsettled area appeared to involve the ability of Congress [*69] to regulate
states themselves. In National League of Cities v. Usery, 426 U.S. 833, 49 L.
Ed. 2d 245, 96 S. Ct. 2465 (1976) the Court held that the Commerce Clause did
not give Congress power to regulate "the state as a state." n69 A few years
later, the Court overturned National League of Cities by its decision in Garcia
v. San Antonio 469 U.S. 528, 83 L. Ed. 2d 1016, 105 S. Ct. 1005 (1985), holding
that the sovereignty of the states does not limit Congress' power under the
Commerce Clause. n70 Then, somewhat inconsistently, the Court decided in Uni^yd
States v. New York, 505 U.S. 144, 112 S. Ct. 2408, 120 L. Ed. 2d 120 (1992), •
that the Constitution does not give Congress power to "Commandeer the
legislative procedure of the states by directly compelling them to enact and
enforce a federal regulatory program." Id. at 2428 (quotation omitted). While
the holding in New York did not rest on the Tenth Amendment, the Court noted
that "the Tenth Amendment confirms that the power of the Federal Government is
subject to limits that may, in a given instance, reserve power to the states."
Id. at 2418. The application of the federalism principles found in New York
[*70] has remained somewhat uncertain as reflected in recent federal circuit
cases ruling on the Brady Bill. n71 At the same time, however, the Court has
recently reaffirmed the traditional principles of state sovereignty in a case
from this circuit, Seminole Tribe of Fla. v. Florida, U.S. , 116 S. Ct.
1114, 134 L. Ed. 2d. 252 (1996), which rejected the principle that Congress'
Commerce Clause power could be used to overrule a state's sovereign immunity.
n72

•Footnotes-

n69 The î HBlar issue involved the application of the Fair Labor Standards
Act to stat̂ ^̂ Êocal-government.

n70 Again rlwparticular issue involved the Fair Labor Standards Act.

n71 Contrast Koog v. United States, 79 F.3d 452 (5th Cir., 1996) (holding the
Brady Act exceeds Congress' power per New York v. United States, insofar as it
requires local law enforcement official to administer the Act) with Mack v
United States, 66 F.3d 1025 (9th Cir. 1995) (upholding the Brady Act against a
challenge under New York v. United States) .

n72 The particular case involved the Indian Commerce Clause, but the case
overruled Pennsylvania v. Union Gas Co., 491 U.S. 1, 109 S. Ct. 2273, 105 L. Ed.
2d 1 (1988), which involved the general Commerce Clause.
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^̂ _̂ - - - - - - -End Footnotes-
[*71]

United st:lHK̂ - Lopez did not involve federal regulation of a state itself.
Rather, the feoeral gun statute at issue attempted to exercise police power over
matters historically falling within the jurisdiction of local government. In
declaring Congress had exceeded its powers under the Commerce Clause in
regulating non-state action, the Court seemed to open up many questions. The
dissenting Justices warned that "the Court's holding threatens legal uncertainty
in an area of law that, until [Lopez], seemed reasonably well settled." Id. at
514 U.S. , 115 S. Ct. at 1664 (Breyer, J. , dissenting). The dissenters were
clearly concerned that changes which occurred in landmark cases in the late
1930's and early 40's could be overturned. Id. at 514 U.S. , 115 S. Ct. at
1665.

Despite the potential for uncertainty, the majority focused on the
Constitution's limits on federal power. They emphasized that the Constitution
does not grant Congress "a plenary police power that would authorize enactment
of every type of legislation." Id. at , 115 S. Ct. at 1633. While a few of
its cases had "taken long steps" towards granting such "a general police
[*72] power of the sort retained by the states," the Court declined to follow
some of the very broad language which seemed to allow Congress to do virtual^
anything under the Commerce Clause. Id. at , 115 S. Ct. at 1634. ;

Any application of Lopez must begin with its reassertion that the
Constitution's enumeration of powers limits federal power, that such enumeration
"[does] not presuppose something not enumerated." Id. at , 115 S. Ct. at 1634
(citing Gibbons v. Ogden, 22 U.S. (9 Wheat.) at 195, 6 L. Ed. 23 (1824)).

Since this country's inception, the division of powers between the state and
federal governments has been a constant source of friction. Indeed, that
conflict was considered an important institutional protection for liberty. n73
Moreover, federal courts have been considered essential to preserving the
federal state balance. n74 Thus, in performing its duty to elucidate the meaning
of the Constitution in such a way as to reconcile prior case law with the
meaning of the Constitution itself, n75 the federal courts play an important
part in maintaining federalism.

. . . . . . . -Footnotes- - -

n73 See ^^^fely The Federalist No.39. [*73]

n74 See «P̂ Hhe Federalist No. 44, at 233 (James Madison) (George W. Carey
and James McClellan eds., 1990)
(If it be asked what is to be the consequence, in case the Congress shall
misconstrue this part of the Constitution, and exercise powers not warranted by
its true meaning? I answer the same as if they should misconstrue or enlarge any
other power vested in them, as if the general power had been reduced to
particulars, and any one of these were to be violated; the same in short, as if
the State Legislatures should violate their respective constitutional.
authorities. In the first instance, the success of the usurpation will depend on
the executive and judiciary departments, which are to expound and give effect to
the legislative acts; and in the last resort, a remedy must be obtained by the
people, who can by the election of more faithful representatives, annul the
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acts of Che usurpers .) ;

See also McCû ĵJi v. Maryland 17 U.S. (4 Wheat.) 316, 423, 4 L. Ed. 579 (1819)
(Marshall, C^̂ K{"Should Congress, under the pretext of executing its powers,
pass laws ̂ O^̂ BR. accomplishment of objects not entrusted to the government, it
would become^BRpainful duty of this tribunal, should a case requiring such a
decision come before it, to say that such an act was not the law of the land.);
The Federalist No. 78, at 404 (Alexander Hamilton) (George W. Carey and James
McClellan eds., 1990) (referring to the courts as "the bulwarks of a limited
constitution against legislative encroachments."). [*74]

n75 "The ultimate touchstone of constitutionality is the Constitution itself
and not what we have said about it." Graves v. O'Keefe, 306 U.S. 466, 491-492,
59 S. Ct. 595, 603-604, 83 L. Ed. 927 (1939) (Frankfurter, J., concurring). But
see Cooper v. Aaron 358 U.S. 1, 18, 78 S. Ct. 1401, 3 L. Ed. 2d 5 (1958) (per
curiam) (dictum) (characterizing decisions of the Supreme Court as "the supreme
law of the land"); see also Addresses and Papers of Charles Evans Hughes 133,
139 (1908) (speech to the Elmira Chamber of Commerce (May 3, 1907)) ("The
Constitution is what the judges say it is.).

See also Justice Thomas' concurrence: "Although I join the majority, I write
separately to observe that our case law has drifted far from the original
understanding of the Commerce Clause. In a future case, we ought to temper ô ir
Commerce Clause jurisprudence in a manner that both makes sense of our more ^
recent case law and is more faithful to the original understanding of that
Clause." Id. at 514 U.S. , 115 S. Ct. at 1642. In short, as the majority in
Lopez implicitly recognized, it is our jurisprudence that must be squared with
the constitution, not the other way around.

- _ _ _ - - _ _ _ - . _ _ _ - - -End Footnotes- - - - - - - - - - - - - - - - -

1*75]

Accordingly, this court applies the principle of enumerated powers discussed
in Lopez to the question of CERCLA'S constitutionality. In so doing, this court
finds that, when measured against the "ultimate touchstone of
constitutionality," Graves v. O'Keefe, 306 U.S. 466, 491-492, 59 S. Ct. 595,
603-604, 83 L. Ed. 927 (1939) (Frankfurter, J., concurring), the application of
CERCLA to this case exceeds the power given Congress under the Commerce Clause.

1. The Constitutional Text and Its Original Interpretation

As

We start .̂ ^̂ K̂irst principles. The Constitution creates a Federal Government
of enumeratedpwera . See U.S. Const., Art. I, § 8. Aa James Madison wrote, "the
powers delegated by the proposed Constitution to the federal government are few
and defined. Those which are to remain in the State governments are numerous and
indefinite." The Federalist No. 45, pp. 292-293 (C. Rossiter ed. 1961). This
constitutionally mandated division of authority "was adopted by the Framers to
ensure protection of our fundamental liberties." Gregory v. Ashcroft, 501 U.S.
452, 458, 111 S. Ct. 2395, 2400, 115 L. Ed. 2d 410 (1991) (internal quotation
[*76] marks omitted) . "Just as the separation and independence of the
coordinate branches of the Federal Government serves to prevent the accumulation
of excessive power in any one branch, a healthy balance of power between the
States and the Federal Government will reduce the risk of tyranny and abuse
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from either front." Ibid.

Lopez, 514 uJĵ Bt , 115 S. Ct. at 1626 (opinion of Rehnquist, C.J.); see
also Id. 514^̂ V at- • 11S s- ct- at 163& (Kennedy, J., concurring) ("it was
the insight V^Hpe Framers that freedom was enhanced by the creation of two
governments, not one").

Perhaps, "it is easy to lose sight of all this in a day when Congress
appropriates trillion-dollar budgets and regulates myriad aspects of economic
and social life. Nevertheless, there are occasions on which we are reminded of
this fundamental postulate of our constitutional order." United States v. Lopez,
2 F.3d 1342, 1345 (5th Cir. 1993), aff'd, 514 U.S. , 115 S. Ct. 1624, 131 L.-
Ed. 2d 626 (1995) .

a. Enumerated Powers and the Necessary and Proper Clause

The Constitution enumerated the powers of Congress in Article I, Section 8,
which begins: "The Congress [*77] shall have the Power To . . . ." Then, in
the following eighteen clauses, the text listed the powers given to Congress,
including the Commerce Clause and the Necessary and Proper Clause.

From the beginning, the import of the necessary and proper clause was
controversial. In the administration of George Washington, Secretary of State'
Thomas Jefferson argued for a narrow or strict interpretation of the enumerated
powers. n76 His views reflected those of the anti-Federalists who had opposed
the Constitution, in large measure from fear of the necessary and proper clause.
They desired a provision like the one in the Articles of Confederation which had
limited the powers of the government to those "expressly" delegated by the
states. The anti-Federalists lost this argument, even when they got the Tenth
Amendment as part of the Bill of Rights, as this amendment failed to use the
term "expressly. n77B In opposition to Jefferson, Alexander Hamilton --
following the Federalist -- argued for a broader interpretation of the
enumerated powers, but nevertheless one within the structural constraints of the
Constitution. As Hamilton had written in The Federalist, no one was proposing an
all-powerful [*78] government; only a more powerful central government than
that of the Articles of Confederation. n78

•Footnotes-

n76 See Carl B. Swisher, American Constitutional Development at 72-73,
Riverside

n77 The ̂ ^̂ K̂nendment states, "The powers not delegated to the United
States by tMMHvtitution, nor prohibited by it to the States, are reserved to
the States respectively, or to the people.

n78 See generally. The Federalist Nos. 23-36.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

The views of Hamilton and The Federalist found their way into the Marshall
Court, which is hardly surprising since the Court was dominated by Federalists.
The same basic Federalist viewpoint which created the text of the Constitution
also interpreted that text. Moreover, Chief Justice Marshall's opinions
coincided with The Federalist without ever citing those essays. n79
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Apparently, Marshall's point was to derive meaning directly from the text and
structure of the Constitution rather than to rely on a secondary source.

•Footnotes:

n79 See J^BBfeve, "Early Uses of The Federalist" in Saving the Revolution
(C. Kessler, ed.) (N.Y., 1987) at 240 ("his jurisprudence and its Hamiltonian
strains were independent expressions of a set of principles and beliefs that
both men had long shared ... In fact, Marshall rarely made use of The Federalist
in his opinions.") (footnotes omitted)

- - - - - - - - - - - - E n d Footnotes- - - - - _ . . ,
[*79]

Marshall's opinion in McCulloch v. Maryland, 17 U.S. (4 wheat.) 316, 4 L. Ed.
579 (1819) is often referred to as giving a broad interpretation of the
necessary and proper clause. In fact, McCulloch demonstrated that the necessary
and proper clause is unnecessary. That is to say, McCulloch first explained how
a proper interpretation of the enumerated powers supports Congress' power to
create the Bank of the United States. n80 The fact that Congress did not have
the power generally to create corporations (and still does not attempt to
exercise such a power) did not mean it lacked the power to create a particular
corporation as a means to the exercise of one or more of its clearly enumerated
powers. '

- - - - - - - - - - - - - - - - -Footnotes- - - - - - - -

n80 McCulloch v. Maryland, 17 U.S. (4 Wheat.) at 407-408.

- - - - - - - - _ _ - - - _ _ -End Footnotes- - - - - - - -

The necessary and proper clause in no way expanded the enumerated powers of
Congress; n81 it simply left no doubt that Congress has the fullness of those
powers actually granted in the Constitution. McCulloch, therefore, followed the
explanation [*80] of the necessary and proper clause as provided in The
Federalist, namely that it is merely "declaratory of a truth, which would have
resulted by necessary and unavoidable implication from the very act of
constituting a Federal Government, and vesting it with certain specified
powers." The Federalist No. 33, at 159 (George W. Carey and James McClellan
eds., 1990) (arguing further that "the constitutional operation of the intended
government wouldbe precisely the same, if [the Necessary and Proper Clause and
the Supremâ ĤBsel were entirely obliterated, as if they were repeated in
every articl̂ ^̂ Ksee also The Federalist No. 44, at 232 (George W. Carey and
James McCleĵ l̂Ks.,. 1990) ("No axiom is more clearly established in law, or in
reason, thantnlc wherever the end is required, the means are authorized;
wherever a general power to do a thing is given, every particular power
necessary for doing it, is included.") (emphasis added). Echoing this reading of
the text, McCulloch v. Maryland stated, "it may with great reason be contended,
that a government, entrusted with such ample powers, on the due execution of
which the happiness and prosperity of [*81] the nation so vitally depends,
must also be entrusted with ample means for their execution." (emphasis added)
17 U.S. (4 Wheat.) 316, 408, 4 L. Ed. 579 (1819).

•Footnotes-
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n81 "The doctrine that Congress may provide for regulation of activities not
themselves interstate commerce, but merely 'affecting' such commerce, rests on
the premise ̂ Ĥ Kn certain fact situations the Federal government may find that
regulation ô HKely local and intrastate commerce is 'necessary and proper' to
prevent inJH^^H interstate commerce." Polish National Alliance of the United
States of NoWBRmerica v. National Labor Relations Board, (Black J. ,
concurring) 322 U.S. 643, 652, 64 S. Ct. 1196, 88 L. Ed. 1509 (1944) .

•End Footnotes-

In McCulloch, Marshall discussed the relationship between ends and means as
applied to the necessary and proper clause: "Let the end be legitimate, let it
be within the scope of the constitution, and all means which are appropriate,
which are plainly adapted to that end, which are not prohibited, but consist of
the letter and spirit [*82] of the constitution, are constitutional."
McCulloch, 17 U.S. at 421. According to Chief Justice Marshall, McCulloch
represented no augmentation of the enumerated powers. Writing in defense of the
opinion under the pseudonym "A Friend of the Constitution," Marshall insisted
that McCulloch "does not contain the most distant illusion to any extension by
construction of the powers of congress. Its sole object is to remind us that a
constitution cannot possibly enumerate the means by which the powers of
government are to be carried into execution." n82 McCulloch'3 statement that we
must remember that it is a constitution we are interpreting was not a ^
justification for departing from the text, but an indication of how to interpret
the text, i.e., not narrowly like a statute. n83 Thus, Marshall stated that a,
Constitution does not "partake of a prolixity of a legal code." McCulloch, 17
U.S. at 407.

_ _ - - - _ _ - - - - - - _ . - _ -Footnotes- - - - - - - - - - - - - - - - -

n82 G. Gunther, ed., John Marshall's Defense of McCulloch v. Maryland 185.

n83 See discussion of McCulloch by Justice Story in II Commentaries on The
Constitution, §§ 1263-70 (Cambridge; MA, 1858) (3rd ed.) at 149-161.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*83]

The necessary and proper clause is like the Tenth Amendment in that both
declare what the structure of the Constitution already provides. As Chief
Justice Marŝ ^̂ n̂d The Federalist say, the necessary and proper clause merely
declares tĥ Ĥtpowers given to the federal government are given in their
fullness. Tl̂ ^̂ m̂ae does not mean -- as anti-Federalists feared -- that
Congress ca^̂ lH|t other powers not listed by invoking the necessary and proper
clause. Accordingly, the Tenth Amendment reflects the attempt to quiet what
Federalists at the time considered to be unfounded fears. Thus, "the Tenth
Amendment does not independently provide a substantive limitation on the powers
of the United States. Instead the Tenth Amendment simply makes plain that the
federal government possesses only the powers that have been given to it by the
Constitution--and no more." Koog v. United States, 79 F.3d at 455, (5th Cir.,
1996) .

b. Marshall's Interpretation of the Commerce Clause
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The power referred to as "the Commerce Clause", Article I, Section 8
provides: "The Congress shall have Power ... To regulate Commerce with foreign
Nations, and iflBA the several States, and with the Indian [*84] Tribes."
U.S. Const. ̂ ĤfE, § 8, cl. 3. "Even to speak of 'the Commerce Clause,' perhaps
obscures thê HEal scope of that clause because Congress did not have authority
to regulate â "̂?bmmerce; Congress could only regulate Commerce with foreign
Nations, and among the several States, and with the Indian' Tribes.'" Lopez, 514
U.S. at , n. 2, 115 S. Ct. at 1644 n. 2 (Thomas, J., concurring).

Five years after McCulloch, Chief Justice Marshall wrote Gibbons v. Ogden, 22
U.S. (9 Wheat.) 1, 6 L. Ed. 23 (1824) which is the classic analysis of the text
of the Commerce Clause in its fullness. n84 He addressed the three questions
which naturally follow from the language of the "power to regulate commerce
among the several states." He discussed: 1) whether the subject of the
congressional legislation is commerce; 2) whether'the commerce affects other
states; and 3) whether the legislation regulates the commerce. n85 Neither the
text nor Gibbons use the term "interstate." As to the phrase "among the several
states," Gibbons asks whether the commerce affects other states, not whether
some activity affects interstate commerce. The text and Gibbons ask whether
[*85] the federal legislation regulates the commerce, not some activity which
affects interstate commerce. n86

•Footnotes

n84 The language of the clause differs in its choice of prepositions to *
precede "foreign Nations," i.e.. "with," and States, i.e., "among". The import
of the difference becomes readily apparent by using the preposition "among" to
precede "foreign Nations." The power to regulate commerce "among" is a
superintending power which Congress possesses vis-a-vis the states, but
obviously not vis-a-vis foreign nations.

n85 22 U.S. 1, 9 Wheat. (22 U.S.) 1, 189-197, 6 L. Ed. 23 (1824).

[The] words are, "Congress shall have power to regulate commerce with foreign
nations, and among the several states, and with the Indian tribes."

The subject to be regulated is commerce; and... [to] ascertain the extent of
the power, it becomes necessary to settle the meaning of the word. The counsel
for the appellee would limit it to traffic, to buying and selling, or the
interchange of commodities, and do not admit that it comprehends navigation.
This would rmgfjjjgt a general term, applicable to many objects, to one of its
significatid^^^Kmmerce, undoubtedly, is traffic, but is something more; it is
intercourse.̂ Îftscribes the commercial intercourse between nations, and parts
of nations, ̂Qĵ K-̂ t branches, and is regulated by prescribing rules for
carrying on that intercourse...

To what commerce does this power extend? The constitution informs us, to
commerce "with foreign nations, and among the several states, and with the
Indian tribes.

It has [been] universally admitted that these words comprehend every species
of commercial intercourse between the United States and foreign nations. No sort
of trade can be carried on between this country and any other, to which this
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power does not extend...

[The] subdMBftto which the power is next applied, is to commerce "among the
several staĈ ^̂ fcThe word "among" means intermingled with. A thing which is
among other^^HRntermingled with them. Commerce among the states cannot stop at
the externa^Wmdary line of each state, but may be introduced into the
interior.

It is not intended to say that these words comprehend that commerce which is
completely internal, which is carried on between man and man in a state, or
between different parts of the same state, and which does not extend to or
affect other states. Such a power would be inconvenient, and is certainly
unnecessary.

Comprehensive as the word "among" is, it may very properly be restricted to
that commerce which concerns more states than one. The phrase is not one which
would probably have been selected to indicate the completely interior traffic of
a state, because it is not an apt phrase for that purpose; and the enumeration
of the particular classes of commerce to which the power was to be extended,
would not have been made, had the intention been to extend the power to every
description. The enumeration presupposes something not enumerated; and that
something, if we regard the language or the subject of the sentence, must be the
exclusively internal commerce of a state. The genius and character of the whRjCLe
government seem to be, that its action is to be applied to all the external «
concerns of the nation, and to those internal concerns which affect the stat«e
generally; but not to those which are completely within a particular state,
which do not affect other states, and with which it is not necessary to
interfere, for the purpose of executing some of the general powers of the
government. The completely internal commerce of a state, then, may be considered
as reserved for the state itself.

[We] are now arrived at the inquiry -- What is this power?

It is the power to regulate; that is, to prescribe the rule by which commerce
is to be governed. This power, like all others vested in Congress, is complete
in itself, may be exercised to its utmost extent, and acknowledges no
limitations, other than are prescribed in the constitution... [If], as has
always been understood, the sovereignty of Congress, though limited to specified
objects, is ̂^̂ p̂y as to those objects, the power over commerce with foreign
nations, an̂ ^̂ Ep the several States, is vested in Congress as absolutely as it
would be in̂ ^̂ K̂le government, having in its constitution the same
restriction̂ ^̂ IKe exercise of the power as are found in the constitution of
the United States.
[*86]

n86 Justice Thomas makes a different critique of the Court's jurisprudence.
He says that the "substantially affects" language so broadens Congress's power
that much of Art. 1, Sec. 8 becomes "surplusage." (Thomas, J., concurring).

.-.-.........-- -End Footnotes-

2. Deconstruction of the Constitutional Text
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The shift in focus from Che text itself to a distinction between interstate
and intrastate_ commerce came later. Lopez did not discuss specifically this
transformati4MRie several opinions mentioned in Lopez, however, did relate
that the exp̂ M̂f use of the Commerce Clause began with the Interstate Commerce
Act of 1887, Ĵ gllS S. Ct. at 1627, and that in reviewing congressional
legislation, wfe Court had borrowed, inappropriately as Chief Justice Rehnquist
noted, from its negative or dormant Commerce Clause jurisprudence which
pertained to state legislation. Id.

a. The Influence of the Dormant Commerce Clause

As is generally recognized, the early dormant commerce clause cases divided
federal and state powers in analytical or categorical terms. In Cooley v. Bd. of
Wardens of the Port of [*87] Philadelphia, S3 U.S. 299, 12 HOW 299, 13 L.
Ed. 996 (1851), the Court drew a distinction between those things subject to
national regulation and those subject to local regulation. n87 Such an approach,
unlike that of Marshall, n88 was bound to fail. Under this analysis, the Court
decided whether the object of regulation was or was not local. If it was
"local", the Court allowed the state to regulate it; if national, states could
not regulate it. Whatever merit this approach may have to analysis of state
regulatory power, n89 its application to federal statutes inappropriately
limited Congress. That is to say, the Court declared in some cases that Congress
could not regulate things that the Court declared were "local." The Court %i
ignored the possibility that something might be local, in the sense that a stjpte
could regulate it, without being beyond Congress' reach. This approach,
epitomized later by Hammer v. Dagenhart, 247 U.S. 251, 38 S. Ct. 529, 62 L. Ed.
1101 (1918), failed to acknowledge that both the state and federal governments
might regulate the same commerce because even though it was "local" in a certain
sense it was also affecting other states.

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - - - -

n87 12 HOW at 319-320. [*88]

n88 Although the Marshall Court did not address many Commerce Clause Cases,
either active or dormant, it did address both. The Court decided Willson v. The
Black Bird Creek Marsh Co., 27 U.S. 245, 7 L. Ed. 412 (1829) and Brown v. Md. ,
25 U.S. 419, 6 L. Ed. 678 (1827).

n89 Whether the Constitution contains a "dormant" Commerce Clause is not an
issue in thJ^MMB- S«* Justice Scalia's argument that the Constitution does not
contain a d̂ Bĵ Htcommerce clause in Tyler Pipe Industries v. Washington, 483
U.S. 232, l̂ ^̂ Kt, 2810, 97 L. Ed. 2d 199 (1987) (Scalia, J. , concurring).

-End Footnotes-

The faulty framework of analysis adapted from the dormant Commerce Clause
then got mixed in with the confusion between regulating commerce and exercising
police powers --a distinction critical to Lopez. Beginning in the late 19th
century a dialectual process occurred between the Court and Congress that
expanded Congress' power. n90 The process began when Congress attempted to
prohibit transmission by mail or importation of lottery tickets. When this
failed, Congress also prohibited [*89] the transportation of lottery tickets
across state lines in the 1895 Lottery Act. n91 In Champion v. Ames n92
(upholding the constitutionality of the Lottery Act) , the Supreme Court
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divided over the question whether regulating the movement of lottery tickets was
within congressional power or within the police power of the states. In
upholding thlBBBhibition, the majority noted that it considered the purpose of
the Act perqB̂ Hf. to the constitutional question. The Court recognized a general
police powei^^^Congress to eliminate evils which threaten the general welfare
n93 "̂*

• Footnotes-

n90 Much of this historical overview summarizes part of an article by John S.
Baker, Jr., "Nationalizing Criminal Law: Does Organized Crime Make It Necessary
or Proper?", 16 Rutgers L.Rev. 495, 521-531 (1985).

n91 Act of March 2, 1895, ch. 191, 28 Stat. 963.

n92 188 U.S. 321, 23 S. Ct. 321, 47 L. Ed. 492 (1903).

n93 Id. at 355-57.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

The dissent in Champion contended, inter alia, that the prohibition [*90j
was not within the necessary and proper power of Congress because, while the?-'
"purpose" of the Act was the suppression of lotteries, the exercise of a general
police power by the Congress conflicted with the powers reserved to the states
under the Tenth Amendment. n94 In fact, the Act neither interfered with the
police powers of any state nor represented a general, national police power. As
the dissent itself noted, the Act did not prevent lotteries in states which
chose to legalize them. n95 what the Act did was to prevent a seller of lottery
tickets in a state where lotteries were legal from sending those lottery tickets
into other states where lotteries were illegal. As a result of a previous
Supreme Court decision, n96 a state on its own authority could not prohibit
items from being mailed into or otherwise transported into its jurisdiction.
Thus, regardless of the congressional motive or the broad dicta in the Champion
opinion, the Lottery Act regulated a matter (cross-border movement of certain
commerce) which the Court's interpretation of the dormant Commerce Clause had
placed beyond the power of the states. n97 Champion exemplified Congress' use of
the prohibiting technique [*91] to regulate, indeed to prevent, the flow of
certain commerce across state lines. n98

•

- _ _ _ _ . _ -Footnotes- - - - - - - - - - - - - - - - - -

(Fuller, C.J., dissenting).

n95 Id. at 357.

n96 In Leisy v. Hardin, 135 U.S. 100, 10 S. Ct. 681, 34 L. Ed. 128 (1890),
the Court had prohibited states from blocking shipments of liquor into the
state.

n97 Id.

n98 The sale of lottery tickets in Louisiana was local as long as restricted
to the state. Once they moved across state lines, they affected other states.
Congress at the time, but not the Court, understood this difference.
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-End Footnotes-

while theĴ Hfient in Champion incorrectly, argued that Congress' "purpose"
made the sC Ĥ̂ Hfy Prohibition improper, the majority also erred when it
suggested that Congress had the power to prohibit because of its worthy purpose.
The Court should have held that Congress has the power to prohibit the movement
of commerce across state lines regardless of purpose. n99 Had this been made
clear, the Court might not have later struck down the [*92] child labor laws
in Hammer v. Dagenhart nlOO based on what the majority considered to be an
improper purpose. After Champion, however, the power to prohibit seemed to turn
on the purpose. nlOl Indeed, members of Congress read Champion as positing a
national police power premised upon purpose. n!02

•Footnotes-

n99 See United States v. Darby, 312 U.S. 100, 115, 61 S. Ct. 451, 85 L. Ed.
609 (1941) (upholding Fair Labor Standards Act of 1938).

nlOO 247 U.S. 251, 38 S. Ct. 529, 62 L. Ed. 2d 1101 (1918).

nlOl Congress' purpose in passing the statute is one thing; the statute's
inclusion of the word "purpose" as an element in the proof of the offense is"'
another. Mann Act § 2, quoted supra note 128. As for Congress, its purpose in
the sense of its motive for passing the legislation might or might not have been
accurately incorporated into the purpose of the statute as evidenced by its
language. Thus, although the legislative history of a statute such as the Mann
Act may have reflected Congress's limited purpose, i.e., to stop the systematic
enticement and interstate transportation of women for purposes of prostitution,
proponents of the Act emphasized that its provisions did not reach prostitution
or immorality "per se," but only interstate and international "white slave
trade." H.R. Rep. No. 47, supra note 129, at 1-2, 9-11; E. Levi, An Introduction
to Legal Reasoning 36-38 (1949).

The interpretation of the statutory language may not be limited to the
legislative purpose. Thus, in Caminetti v. United States, 242 U.S. 470, 37 S.
Ct. 192, 61 L. Ed. 442 (1917), the Supreme Court found that the statute
reflected much broader purposes. The actual language of the statute was not as
limited as the legislative history would indicate, but extended to single
incidents of transportation for "any immoral purpose." In Caminetti Justice
McKenna dissflttfiM* because he thought the Court's construction of the Act went
beyond the fl^^fe8 intended by Congress. Yet, previously, in Hoke v. United
States, 227̂ ^̂ H08, 33 S. Ct. 281, 57 L. Ed. 523 (1913) he wrote the opinion
upholding tnHHv Act against a Commerce Clause challenge. Had Justice McKenna
paid more attention to the statute itself in Hoke, he would have seen that its
language went well beyond the congressional purposes. As an element of the
offense, the word "purpose" required the prosecution to prove the defendant had
a certain criminal intent. Congress' purpose in putting the word "purpose into
the statute was clear; it appeared to provide a Commerce Clause justification
for purporting to prohibit the transportation of persons within the country. The
effect of regulating persons based on their purposes, i.e., motive or.intent,
however, was to create a "true" crime rather than a regulatory offense. [*93]

nl02 Thus, Congress thought purpose provided the constitutional justification
for passage of the Mann (White Slave) Act. White-Slave Traffic (Mann) Act, ch.
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395, S 2, 36 Stat. 825 (1910). After quoting from Champion, the House Committee
Report concluded:

case of lotteries there .is nothing harmful in the mere
he pieces of paper. The injury resulted from the connection
en those tickets and the entire scheme of the lottery. It was

the purpose for which the tickets were used which made them an instrument of
injury to the public. H.R. Rep. No. 47, 61st Cong., 2d Sess. 4-5 (1909).

In Hoke v. United States, 227 U.S. 308, 57 L. Ed. 523, 33 S. Ct. 281 (1913),
the Court analogized the aims of the Mann Act to those of the Lottery Act and
the Pure Food and Drug Act. Ch. 3915, 35 Stat. 768 (1906) . The Mann Act,
however, differed from both because it did not actually prohibit anything or
anyone from crossing state lines. Although purporting to prohibit
transportation, it could not do so because it regulated persons rather than
things. The Court dismissed such differences, contending that "the substance of
the congressional power is the same, only the manner of its exercise must be
accommodated to the difference in its objects." 227 U.S. at 323. The Court
considered the similarity of purpose sufficient to uphold the Mann Act under the
Commerce Clause. Id at 322-23. Nevertheless, the difference in means were
significant. In the Food and Drug Act, like the Lottery Act, Congress had
provided for seizure of the offending articles when shipped across state lines
even though the misbranded food itself was not illegal when prepared. Pure
and Drug Act, ch. 3915, § 10, 34 Stat. 768, 771 (1906). The Mann Act did not'
prohibit transportation of impure or immoral things. It punished a male who had
certain immoral or criminal purposes (a criminal mental element), as the object
of transporting a woman across state lines.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*94]

Having facilitated the transformation of Congress' regulatory power into an
implied national police power, the Court later cut back on Congress' clearly
constitutional powers. In Hammer v. Dagenhart, the Court invalidated the
congressional prohibition of the interstate transportation of goods made using
child labor. The decision departed from Champion and other cases in that it
denied Congress the power to prohibit the shipment of certain goods across state
lines. The Court, however, was consistent with prior cases in the sense that, as
in Champion and other cases, the decision turned on congressional purpose. n!03

• Footnotes-

n!03 Thê ^̂ Hp distinguished the approved congressional purposes discussed in
Champion, *9̂ ^̂ fp an<* Hoke from the economic purpose behind the child-labor
legislatioi^^K^«it 270-72. Not only was legislation based on Congress' economic
purposes more clearly constitutional than that based on moral purposes, but as
Justice Holmes observed, See 247 U.S. at 280 (Holmes, J. dissenting) the moral
purposes prompting the childlabor legislation were certainly no less worthy than
those supporting earlier congressional legislation based on Congress' economic
purposes upheld by the Court. In both Hammer v. Dagenhart, 247 U.S. at 276 ("We
have neither authority nor disposition to question the motives of Congress in
enacting this legislation.") voiding congressional legislation and in Champion,
upholding congressional legislation, the Court took the same position, namely
that the extension of national power -- whether regulatory or police -- turned
on the Court's approval of Congress' purpose.
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- - - - - - - - - - - - - - - - -End Footnotes-
[*9S]

Even Fr̂ ^̂ K* Roosevelt's Justice Department viewed Champion and other
"police pô QPfbases in one category, set apart from the regulation of commerce.
nl04 The Roosevelt administration initially avoided the prohibiting commerce
technique in favor of other forms of regulation based on the "affecting
commerce" and "in commerce" rationales. After the Supreme Court made its famous
1937 course correction in N.L.R.B. v. Jones & Laughlin Steel, 301 U.S. 1, 57 S.
Ct. 615, 81 L. Ed. 893 (1937), Congress employed both the commerce-prohibiting
technique and direct regulation based on the "affecting commerce" rationale when
it enacted the 1938 Fair Labor Standards Act (FLSA). In United States v. Darby,
nlOS which upheld the Act and overruled Hammer v. Dagenhart, the Court approved
both the prohibiting technique and direct regulation based on the "affecting
commerce" rationale. Although not regulating a true crime, the FLSA made its
regulations of economic relationships enforceable by criminal sanctions. The
combination in Darby of a regulatory offense, the prohibiting technique, and the
affecting commerce rationale later resulted nlOS in the commingling of two lines
[*96] of cases -- the exercising police power cases and the regulating
economic activity cases -- once thought to be separate.

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - rii-

n!04 See n. Ill, infra.

nlOS 312 U.S. 100, 61 S. Ct. 451, 85 L. Ed. 609 (1941).

n!06 See Perez v. United States, 402 U.S. 146, 28 L. Ed. 2d 686, 91 S. Ct.
1357 (1971) .

•End Footnotes-

The coincidence in Darby of the prohibiting technique, which requires no
rationale, and the "affecting commerce" rationale, which supports various
techniques, did not immediately result in the expansion of federal criminal law.
Although it interpreted the "affecting commerce" rationale expansively in
economic matters, the Court generally took a much more restrictive view in
criminal cases prior to 1970 when it decided Perez v. United States, 402 U.S.
146, 91 S. Ct. 1357, 28 L. Ed. 2d 686 (1971). In Perez, various strands from the
cases undertheCommerce Clause met and merged into an expansive view of
Congress' ̂ Ĥjpto create criminal law. The Court upheld application of a
federal "l̂ ^̂ Êark" • statute to [*97] local acts without any showing of an
interstatqĵ ^̂ B or effect. n!07 The Court considered it sufficient that the
activity wâ R̂t of a class of activities which Congress had targeted as having
affected commerce through organized crime. Id. at 154-56. The Court thought
Darby to be "particularly relevant . . . because it involved a criminal
prosecution." n!08 However, Darby and the cases which built on it and were cited
in Perez -- Wickard v. Filburn 317 U.S. Ill, 63 S. Ct. 82, 87 L. Ed. 122 (1942),
and the public accommodations cases, Atlanta Motel v. United States 379 U.S.
241, 85 S. Ct. 348, 13 L. Ed. 2d 258 (1964), and Katzenbach v. McClung 379 U.S.
294 85 S. Ct. 377, 13 L. Ed. 2d 290 (1964), -- were not criminal cases, even
though indictments for regulatory offenses may have been involved.

•Footnotes-
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146, 154-157, 91 S. Ct. 1357, 28 L. Ed. 2d 686

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

b. United States v. Lopez

As observed above, n!09 the majority in Lopez recognized the uncertainty
unleashed upon the lower courts [*98] left to reconcile that case with other
Commerce Clause cases. In reopening debate on issues once thought foreclosed,
the majority opinion in Lopez walks a fine line between two different views
expressed by justices who, while joining the opinion, also write concurring
opinions. Two of the justices "counsel[] great restraint," 115 S. Ct. at 1634
(Kennedy, J., concurring), but one justice would "reconsider our 'substantial
effects' test with an eye toward constructing a standard that reflects the text
and history of the Commerce Clause without totally rejecting our more recent
Commerce Clause jurisprudence." Id. at 1642-43 (Thomas, J., concurring). While
the Court's opinion may represent a moderate position among the justices in the
majority, the dissenters consider the decision "radical." Id. at 1651 (Stevens,
J., dissenting) ("I also agree with JUSTICE SOUTER's exposition of the radiSal
character of the Court's holding.") '

. - _ _ _ - - - - _ _ - _ - - - -Footnotes- -

n!09 See p. 50, supra.

- - - - - - - - - - - - - - - -End Footnotes-

In one Eleventh Circuit case applying Lopez, [*99] that court concluded
that, under the Commerce Clause, Congress possesses the power to enact the
Freedom of Access to Clinic Entrances Act of 1994, Pub. L. No. 103-259, 1098
Stat. 694 (1994) (codified at 18 U.S.C. 5 248). See Cheffer v. Reno, 55 P.3d
1517 (llth Cir. 1995) . The Eleventh Circuit found support for Congress'
conclusion that the "access act regulates activity which 'substantially affects'
interstate commerce." 55 F.3d at 1520. In upholding the Access Act, it was not
necessary to go beyond a very narrow reading of Lopez. That is to say, Cheffer
involved a criminal statute, like the gun statute in Lopez; but unlike the gun
statute, CflHnsM had made findings that the activity regulated by the Access
Act "subsd̂ ^̂ l̂y affects interstate commerce." The court accepted those
findings

The Justice Department narrowly views Lopez as applying only to the facts of
the Gun Free Schools Act. nllO Only wishful thinking, however, can lead to the
conclusion that the holding of Lopez is applicable only to schools or
guns-in-schools cases. Lopez could have chosen a narrower approach. Lopez could
have narrowly limited its holding to federal [*100] criminal statutes under
the Commerce Clause that involve no "substantial effect" on interstate commerce.
It did not do so. Had Lopez taken such an approach, Cheffer need not have been
decided any differently. More importantly, such a narrowed approach would not
have opened to debate the fundamental turn taken in the late 1930s jurisprudence
under the Commerce Clause, which the dissenters took pains to defend. As
previously noted, until Perez v. United States in 1971, the Supreme Court did
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not actually confront the application of. the post-1937 Commerce Clause
jurisprudence to federal criminal statutes. Before and even since, the Court has
tended towaaAanrrow construction of federal criminal statutes, thereby avoiding
constitutio^HBtssues of federalism. See e,g., United States v. Bass, 404 U.S.
336, 92 S. ̂IK15' 30 L- Ed- 2d 488 (1971). Lopez could have, but did not,
reach the iSBifc it did by disapproving Perez without thereby calling into
question anything else about Commerce Clause jurisprudence from 1937 to 1971.
nlll

- _ - _ - - - _ _ _ -Footnotes- - - - - - - - - - - -
i

nllO See Tr. of Hr'g at 4.

nlll A prominent "New Deal" advocate, Robert Stern, has written about Perez
as being unrelated to the interpretation of the Commerce Clause put forth to
justify 1930's economic legislation: "Even a lawyer who fought for a realistic
interpretation which would recognize that in commercial matters the United
States was one nation finds himself surprised at where we are now -- and at how
readily the recent expansion is accepted." Robert Stern, The Commerce Clause
Revisited: The Federalization of Intrastate Crime, 15 Ariz. L. Rev. 271, 284
(1973) .

End Footnotes

Instead, Lopez relies on Perez to categorize Commerce Clause cases as being
divided into three: "First, Congress may regulate the use of the channels of
interstate commerce. . . . Second, Congress is empowered to regulate and protect
the instrumentalities of interstate commerce, or persons or things in interstate
commerce, even though the threat may come only from intrastate activities. ...
Finally, Congress' commerce authority includes the power to regulate those
activities having a substantial relationship to interstate commerce." Id. at
1629-30 (citations omitted) . Like Lopez, see Id. at 1629-30, this particular
case involves only the third of these categories.

In discussing the third category, the Court repeatedly refers not simply to
regulating activities which have a substantial effect on interstate commerce but
to "regulating economic activity" which has a substantial effect on interstate
commerce.

Section ̂ îlflj is a criminal statute that by its terms has nothing to do with
" commerce Î Ĥ BY aort of economic enterprise, however broadly one might define
those tern̂ ^̂ Ktion • 922 (q) is not an essential part of a larger regulation of
economic 4̂ Hĵ > • C+102] in which the regulatory scheme could be undercut
unless the intrastate activities that arise out of or are connected with a
commercial transaction, which viewed in the aggregate, substantially affects
interstate commerce. Lopez, 514 U.S. , 115 S. Ct. at 1630.

In requiring that the object of the regulation, which "substantially affects"
interstate commerce, must itself be "economic activity," (i.e., commerce) rather
than merely "activities," the Court is being more faithful to Chief Justice
Marshall's explanation in Gibbons v. Ogden. See text accompanying n.83.

Lopez also discusses and refutes the reasoning advanced by the government for
justifying Congressional action in that case. The court found the government's
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"cost of crime" and "national productivity" rationales to be incorrect, because,
under such reasoning, Congress could regulate any activity that might lead to
violent ct"4MB' any activity affecting the economic productivity of individual
citizens, '̂ HHrdless of how tenuously [these activities] relate to interstate
commerce. " iff- 131 L- Ed. 2d 626, 514 U.S. , 115 S. Ct. 1624. By
demonstratra^TOw the inherent logic of [*103] certain rationales fails to
place any meaningful limits on congressional authority, Lopez requires that
there be a genuine causal connection between the regulated activity and
interstate commerce. In so doing, the Court is being more faithful to Chief
Justice Marshall's ends/means analysis in McCulloch. See n. 81 and accompanying
text. In other words, the assumption that the regulation of any activity which
has a substantial effect on interstate commerce is automatically "necessary and
proper" is not appropriate under Lopez. Thus, the Lopez majority criticizes the
dissent for their willingness to gloss over the tenuous connection between gun
possession at a school and interstate commerce. As Chief Justice Rehnquist
notes, "depending upon the level of generality, any activity can be looked upon
as commercial." Lopez, 514 U.S. , 115 S. Ct. at 1633 (Rehnquist, C.J.). Such
reasoning, "lacks any real limits," id., and would lead to the acceptance of a
general police power at the federal level. Id. at 1634. See also Northern
Securities Co. v. United States, 193 U.S. 197, 402-403, 24 S. Ct. 436, 48 L. Ed.
679 (1904) ("Commerce depends upon population, [*104] but Congress could
not, on that ground, undertake to regulate marriage and divorce. If the act
before us is to be carried out according to what seems to be the logic of t&e
argument for the government ... I can see no part of the conduct of life with
which, on similar principles, Congress might not interfere"). nl!2

•Footnotes-

nl!2 Accord Maryland V. Wirtz, 392 U.S. 183, 204-205, 88 S. Ct. 2017, 20 L.
Ed. 2d 1020 (1968) (Douglas, J., dissenting). Noting that state government
itself is an enterprise that has a substantial effect on interstate commerce,
the Justice Douglas stated that the logic of the case would lead to the
conclusion that "the National Government could devour the essentials of state
sovereignty, though that sovereignty is attested to by the Tenth Amendment.11 Id
at 205. See also A.L.A. Schechter Poultry Corporation v. United States, 295 U.S.
495, 554, 55 S. Ct. 837, 79 L. Ed. 1570 (1935)
There is a view of causation that would obliterate the distinction between what
is national and what is local in the activities of commerce. Motion in the outer
rim is communicated perceptibly, though minutely, to recording instruments at
the centre. A society such as ours "is an elastic medium which transmits all
tremors thĵ M̂ ita territory; the only question is of their size." Per Learned
Hand, J., ̂̂ K̂ court below. The law is not indifferent to considerations of
degree. Aĉ ^̂ Ees Ideal in their immediacy do not become interstate and
national Ŵ jfjf.ot distant repercussions.
(Cardozo J., concurring); Polish National Alliance of the United States of North
America V. National Labor Relations Board, 322 U.S. 643, 650, 64 S. Ct. 1196, 88
L. Ed. 1509 (1944) .
The interpenetrations of modern society have not wiped out state lines. It is
not for us to make inroads upon our federal system either by indifference to its
maintenance or excessive regard for the unifying forces of modern technology.
Scholastic reasoning may prove that no activity is isolated within the
boundaries of a single state, but that cannot justify the absorption of
legislative power over every activity.
(Frankfurter, J.).
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- _ - _ - - - - - - - - _ - - - -End Footnotes-
[*105]

MB
F i na 11 y ,^^^K-abo ve
e is als^HRewort
reme CoiMKght h

discussion is devoted Co what Lopez says; however, that
case is a l s e w o r t h y for what it fails to say. The ease with which the
Supreme CoJPBfeght have upheld the Gun-Free Schools Act of 1990 is striking.
This point was not lost on the dissenting justices. The Court might have held
that guns are articles of commerce that can be used to restrain commerce. 514
U.S. at , 115 S. Ct. at 1651 (Stevens, J., dissenting). It did not. The Court
could have aggregated "the effect of all guns possessed in or near schools [.]"
Id. at , 115 S. Ct. at 1658 (Breyer, J., dissenting) (citing Wickard, 317
U.S. at 127-28, 63 S. Ct. at 89-90); see id. at , 115 S. Ct. at 1651
(Stevens, J., dissenting). It did not do this either. The Court also might have
considered whether Congress could have had a rational basis for concluding that
the "regulated activity sufficiently affected interstate commerce." nll3 Id. at

, 115 S. Ct. at 1658 (Breyer, J., dissenting). Again, the court would have
none of this. nl!4 See Lopez at , 115 S. Ct. at 1630-34.

• Footnotes-

nll3 While the majority in Lopez does not utilize the rational basis test, it
does mention it, albeit in the context of warning against granting Congress too
much deference in deciding the extent of its authority under the Commerce *j
Clause. See Lopez, 131 L. Ed. 2d 626, 115 S. Ct. 1624, n. 2 ("Simply because)
Congress may conclude that a particular activity substantially affects
interstate commerce, does not necessarily make it so.") (quoting Hodel, 452 U.S.
at 311) (Rehnquist, J., concurring in judgment); ("Whether particular operations
affect interstate commerce sufficiently to come under the constitutional power
of the Congress to regulate them is ultimately a judicial rather than a
legislative question, and can be settled finally only be this Court.") (quoting
Heart of Atlanta Motel, 379 U.S. at 273) (Black, J., concurring)." See also n.
72, supra. [*106]

nl!4 In addition, the majority might have asked, but did not, whether
Congress could have found that gun violence around schools creates a commercial
problem, Lopez at , 115 S. Ct. at 1659 (Breyer, J., dissenting), or perhaps a
serious economic threat to "consequently inadequately educated workers who must
endure low paying jobs" and to communities and businesses that might otherwise
gain from a well-educated work force. Id. at , 115 S. Ct. at 1661 (Breyer,
J., dissenting).

» - - _ . _ - - -End Footnotes-

3. Appl̂ ^̂ B̂} Qf Lopez to CERCLA.

Thus Lopez requires 1) that the statute itself regulate economic activity,
which activity "substantially affects" interstate commerce. Id. at 1630; and 2)
that the statute include a " jurisdictional element which would ensure, through
case-by-case inquiry, that the [statute] in question affects interstate
commerce." Id. at 1631. In applying Lopez to this case, the court finds it
doubtful that the object of regulation in this case is "economic activity, "
i.e., "commerce,11 as that term is used in Lopez. It is true that at one
[*107] point the defendant operated two plants, which are the focus of this
litigation, and that these plants were surely engaged in "economic activity."
These two plants, however, no longer operate and have not since 1982, long
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before this litigation was initiated.

ĵMB case might be somewhat different if the government were
attempting ^̂ Bgulate a functioning facility. Although, the complaint includes
an allegati^^^Rout threatened releases, the fact remains that this suit seeks
clean-up ofWK property. While environmental degradation generally may have an
effect on interstate commerce, it is not clear to this court that the
degradation at issue in this case is necessarily "economic activity" or that it
has a "substantial effect" on interstate commerce. It is clear to this court
that the law regulating real property has been traditionally a local matter
falling under the police power of the states. nllS

•Footnotes-

nils See e.g., United States v. Little Lake Misere Land Co., 412 U.S. 580,
591, 93 S. Ct. 2389, 37 L. Ed. 2d 187 (1973) ("Even when federal general law was
in its heyday, an exception was carved out for local laws of real property.")
(Burger, C.J.); Davies Warehouse Co. v. Bowles, 321 U.S. 144, 155, 64 S. Ct.
474, 480, 88 L. Ed. 635 (1944) ("The great body of law in this country which
controls acquisition, transmission, and transfer of property, and defines the
rights of its owners in relation to the state or to private parties, is found in
the statutes and decisions of the state.") Hawaii Housing Authority v. Midkiff,
467 U.S. 229, 241-242, 104 S. Ct. 2321, 81 L. Ed. 2d 186 (1984) ("Regulation! of
[land] oligopoly and the evils associated with it is a classic exercise of the
State's police powers.")

It is also worth mentioning that Congress agrees that reduction, control, and
the prevention of pollution, and the collection and disposal of solid waste, are
all the primary responsibility of state and local governments. See e.g., 42
U.S.C. § 7401(a)(3) (Clean Air Act); 42 U.S.C. S 6901(a)(4) (Resource
Conservation and Recovery Act); 33 U.S.C. § 1251(b) (Federal Water Pollution and
Control Act).

- - - _ - - _ - . - - - - _ - - -End Footnotes- - - - - - - - - - - - - - - - -
[*108]

Given that Lopez does not limit its holding to criminal cases, nl!6 the
government must demonstrate that its use of CERCLA is limited to the regulation
of economic activity, i.e., commerce, which "substantially affects" interstate
commerce. Congress (or the Executive on behalf of Congress) may regulate
economic activity which falls within the local police power, but it cannot
exercise â ĤKtl police power. It appears to this court that CERCLA generally
representâ ^̂ n̂unple of the kind of national police power rejected by Lopez. It
is not nê ^̂ K̂ however, for this court to reach such a conclusion, because --
at least in̂ mf* case -- the application of CERCLA fails to meet the second
criteria of Lopez.

. _ - - _ _ _ - _ - _ _ - - - - -Footnotes- -

nl!6 See text accompanying n. 111.

. - - - - _ - . - - . - - - - -End Footnotes-

Even if the application of CERCLA to the facts of this case does generally
meet the first test of regulating intrastate economic activity which

LEXIS-NEXIS t LEXIS-NEXIS t LEXIS-NEXIS



1996 U.S. Dist. LEXIS 6996, *108
PAGE 48

substantially affects interstate commerce, it must also be shown that the
statute haŝ â uirisdictional [*109] element which would ensure, through
case-by-cas^^^Kuiry, that the [statute] in question affects interstate
commerce." ̂ Ĥ». Ct. at 1631. Nothing in the statute provides for such a
case-by-ca^UPpuiry. Nevertheless, assuming it had such a provision, the
particular inquiry in this case clearly demonstrates that the activity in
question has virtually no effect on interstate commerce. As demonstrated in the
remedial investigative report, any contaminants still at Site 1 affect
groundwater mostly by migrating through the locally-contained alluvial aquifer.
This aquifer lies atop a miocene aquifer. The remedial-investigation report
indicates there is little or no migration between the two aquifers, and there is
no evidence that contaminants at Site 1 travel across state lines.

Accordingly, this court holds that EPA's attempt in this case to apply
CERCLA liability against the defendant would exceed the power of Congress under
the Commerce Clause.

VII. CONCLUSION

For the reasons set forth above, the federal government has no constitutional
authority to do what it proposes at Site 1. The court therefore has no authority
to sign or enter the proposed consent decree and hereby [+110] DENIES the
motion nl!7 to do so. ***

•Footnotes-

nil? Tab 3.

-End Footnotes-

Because the court has reached this conclusion, there is no conceivable remedy
to which the plaintiff would be entitled to under the complaint. This action is
therefore DISMISSED with prejudice.

SO ORDERED this 20th day of May 1996.

W B Hand

SENIOR DISTRICT JUDGE
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EXECUTIVE SUMMARY

The pjjJifcse of this report is to provide an independent

interpretation of the data and reports generated as part of an

epidemiologic study of childhood lead exposure in the Madison-

County, Illinois conducted in 1991.

Children and pregnant women are the human subpopulations most

susceptible to the effects of lead. Identification of the major

sources of environmental lead exposure for children with elevated

blood lead concentrations became the primary focus of the

epidemiologic study of childhood lead exposure in the Madison

County, Illinois study1 conducted in 1991 as directed by the

Agency for Toxic Substances and Disease Registry (ATSDR).

(While the study was directed by the ATSDR, it was primarily

carried out by the Illinois Department of Public Health (IDPH)*

through its contractor, Institute for Evaluating Health Risks w
it

(IEHR), as is discussed more specifically below 2) .

Childhood blood lead depends on many factors. The most

important factors must necessarily be related to some

environmental sources of lead, since lead is not created in the

child's body, but must be brought into the body by exposure to

lead occurring outside of the body. Typically, lead is carried

in some medium of exposure. The ingestion media most usually

encountered by children include food, drinking water, and non-

food media such as soil, household dust, and chips or flakes of

'While the id^HjHna of the major sources of environmental lead exposure for children with elevated blood
lead concenu^^^Bmne the primary focus of the epidemiologic itudy of childhood lead exposure in the
Madison Cota^^^B by the authors of the report describing the atudy (IDPH/IEHR 1994), this purpose was
not clearly arUHLVby ATSDR when the study began. (For example, one of the stated purposes of the study
was to determine the level of environmental lead and cadmium found in target areas and compare them with
levels of contamination observed in comparable non-target areas.) Therefore, the study methodologies were not
suitably designed to be able to make linn conclusions about the major sources of environmental lead exposure
for children or to provide an adequate basis for comparison with many other studies of blood lead and
environmental lead. Even given these shortcomings, the data available from the blood study can be analyzed
and lend support to retaining the 500 ppm residential soil lead cleanup level.

*U.S. EPA participated by providing contractor assistance as guided by EDPH and ATSDR.



lead-based paint. Most lead experts agree that household dust is
a very impJf^nt medium for childhood lead exposure, and is
likely th4JiBp.mary exposure pathway for lead in soil and for lead
in interiorlead-based paint. Also, ingestion of exterior dust

from soil is a direct exposure pathway to soil lead that may be
nearly as important as the indirect pathway from soil through

household dust. All of the lead in the child's body has come
from current or historic intake from these media, from other
media such as inhalation of airborne particles, or from exposure
in utero to lead in the mother's blood. '

Many other factors may modify the blood lead concentration in
a child who is exposed to environmental lead. The most
important modifiers affect the amount of lead consumed in
different media, such as the amount of fine soil and dust
particles that the child eats during normal play activity. Some
of the modifying factors for lead intake (See Section 3.1 of this
report) can sometimes be estimated, but in epidemiology studies

such as that carried out in Madison County, the modifying factors
are only inferred from family characteristics such as parental
education or income, from ethnicity or race, or from other child
characteristics such as age or sex. The Madison County study
collected data on a large number of potential modifying factors,
but it is important to remember that the modifying factors must
necessarily have a secondary role compared to the measurable
components of lead in the child's environment.

The study was directed by the ATSDR in 1991 and carried out
by the IDPĤ yrimarily via its contractor, IEHR, and U.S. EPA (as

guided b̂ B̂p and ATSDR) . Analyses of the data were presented
in a draSBKort by IEHR and IDPH (February 1994), hereafter
described a» the IEHR/IDPH report, and by ATSDR in a separate
report (May 1994) with a more cursory analysis. U.S. EPA
provided a critical review of these analyses (Marcus et al., May
1994), but it did not provide an analysis of th« data since it
did not yet have access to the data. The preliminary report of

the reexamination of these data (Marcus 1994) was submitted as
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part of the Administrative Record Update as part of U.S. EPA's

proposed pĵ aff and public comment period for the residential soil

cleanup ljg£ in October, 1994. U.S. EPA requested access to the

data from IDPH (through a request by the U.S. Department of

Justice) . Data on blood lead, environmental lead, and family

interviews for 490 children in Madison County, Illinois, were

provided to U.S. EPA by the IEHR, IDPH's contractor, in late

1994. The data were sent to U.S. EPA on diskette in ASCII

format. U.S. EPA converted these data into a SYSTAT (Wilkinson

1992) data file used in analyses reported here were performed.

Additional analyses required creation of SAS (SAS 1990) data

sets. The data set was incomplete in some important ways, as

described below.

In this report, U.S. EPA performs reanalyses of the data.

The purposes of the for U.S. EPA's reanalyses are: *

1. To assess the results described in the IEHR/ IDPH report *

(1994) for use in evaluating childhood lead exposure in

Madison County;

2. To extend these analyses so as to obtain relevant site-

specific inferences about environmental pathways for

childhood lead exposure for Madison County children, with

particular emphasis on those locations nearest the former

NL/Taracorp Lead smelter at the NL/Taracorp Superfund Site;

3. To provide site-specific information about relevant

parameters in the EPA Integrated Exposure, Uptake r and

Biokinetic Model for Lead (IEUBK Model) which was used by

U.S. n certain risk evaluations of child blood lead

4. To «E* U.S. EPA's proposed soil remediation level of 500

ppm using this recent information.

The IEHR/IDPH report evaluates some of the relationships

among child blood lead, environmental lead, other environmental

factors affecting blood lead, sociodemographic factors, and

individual child-specific behavioral factors. Many of the

relationships are characterized by bivariate correlation
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coefficients, or by related quantities such as the multiple

correlatiali%:oefficient for the multiple regression analyses (the
only mul^jpriate procedure considered in the IEHR/IDPH
analysesn*rhe analyses in the IEHR/IDPH report provides an

inadequate description of child lead exposure in Madison County.
As shown herein, the analyses are so incomplete as to give a
misleading impression of childhood lead exposure. U.S. EPA's
analyses will provide a more balanced view of child lead exposure
in Madison County, clarifying the important but distinctly
different roles of lead in soil, in deteriorating lead-based

paint, and in household dust, with emphasis on resolving issues
that may affect decisions about remediation of lead sources near
the NL/Taracorp lead smelter and elsewhere in Madison County.
U.S. EPA has established the following:

1. There are some areas in the Madison County study that *>
clearly show an excessive number of cases of children with ^
elevated blood lead concentrations. The number of cases is
elevated by comparison with other parts of Madison County, and
elevated by comparison with current EPA guidelines. These cases
are concentrated near the NL/Taracorp lead smelter and in a few
more remote locations. These suggest localized, site-specific

sources of lead exposure.
2. There are some serious inadequacies in the design of the

study that complicate the analysis and interpretation of the
data, particularly with the possibility of confounding of some
environmental and demographic factors. However, the potential
problems are not so serious as to prevent far more detailed and
comp let JHElus ions than were reached in the IEHR/IDPH report.

3. ^̂ K̂EHR/IDPH report failed to consider certain non-
standardreatures of the soil sampling and dust sampling and

reporting protocols that complicate the use of these data for
inferences about environmental lead sources. In particular, the
reported dust lead concentrations used for analyses in the
Madison County study were mathematical averages of fine dust
particles (which can be picked up on the child's hands and
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ingested), and large particles including lead paint chips that

are much \*qc likely to be ingested during normal hand-mouth

activity^jBhis differs from dust lead measurements used in most

earlier sWB&ies, and is likely to bias the estimated effects of

dust and paint on blood lead. U.S. EPA's analyses suggest that

most dust lead concentrations above 1000 ppm reported in the
Madison County Study are likely to be biased above the values

that would have been obtained using only fine dust particles,
thereby overstating the role of lead paint on dust lead and on
blood lead.

4. Average soil lead concentration is nearly inversely

proportional to distance from the NL/Taracorp lead smelter (See

Figure 5), with a few isolated locations far from the previous
active NL/Taracorp lead smelter that also have high soil lead.

Many of these spots are believed to be in Eagle Park Acres or in
Venice Township, where waste pile material containing lead ^

%i
battery casing chips was used as fill or for repairing city

streets and alleys. Exterior lead paint played a much smaller

role in soil lead concentrations than did distance from the

NL/Taracorp lead smelter.

5. Most of the lead in house dust near the NL/Taracorp lead

smelter is likely to have come from lead in soil. In most homes

near the smelter, soil lead is more likely to be the major source

of lead in house dust than lead in interior paint. Interior
lead-based paint is likely to be a more important source of lead

in house dust than is soil lead only in some homes at a great
distance from the NL/Taracorp lead smelter (ring 7 or at least
3/4 mildflHpre there are no other known sources of lead.

6. ̂ K̂lead inside the house depends mainly on soil lead

from thê R̂r and on deteriorating lead paint inside the house,
modified somewhat by overall building condition. The effects of

soil lead and lead paint on blood lead are therefore primarily

indirect effects, in which these lead sources contribute lead to

house dust, a medium that is more accessible to the child.

7. The hierarchical regression method used in the IEHR/IDPH
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report to identify significant lead sources was seriously biased.

A more appropriate application of the hierarchical regression

method inflation 4 herein shows that lead in soil is a more

significant predictor of elevated blood lead than is lead paint,

but that inclusion of dust lead loading in the model can explain

about as much of the variance in blood lead as all of the

modifying factors combined. Soil lead is not strongly confounded

with other significant predictors of dust lead loading, including

building condition, age, race, parental education and income,

child's outdoor play, lead in drinking water, and recent

refinishing or remodelling. This allows estimation of both the

direct effect of soil lead on blood lead, and the indirect effect

of soil lead through the dust lead pathway. While the most

important predictors of blood lead were dust lead loading and

child age, soil lead had a smaller statistically significant r
> i

effect on blood lead over and above the effect of dust lead. r-j

The overall effect of soil lead on blood is very clear, as

shown in Tables E-l and E-2. Table E-l shows the percentage of

children in the Madison County Lead Study who had blood lead

concentrations of 10 ug/dl or greater, which is a level of

concern for increased potential of health risks. The level of

concern is defined by blood lead levels at which most individuals

in a population of children are not expected to have health

effects of major consequence. The level of concern is not a

threshold level below which all individual children are free of

lead-induced health effects. The blood lead level of concern

expresseŝ ciantific judgements about health effects of lead

fora that is useful in evaluating public health

. various actual or hypothetical levels of lead

exposure, and is not meant to imply the biological effects do not

occur at lower levels of exposure.

The percentage of children with elevated blood lead levels

whose yard soil lead concentration is less than 250 ppm is only 6

percent (i.e., 10/162 children). The percentage is much larger

for children with residential soil lead concentrations of 250 to



499 ppm (20% or 33/169 children); 500 to 999 ppm (21/104 children

or 20%); 4§^ 1000 ppm or greater (12/39 children or 31 percent).

8. Ĵ ĉan American children in the Madison County Study

have on iMBage about 1.2 ug/dl higher blood lead than other

children of the same age, everything else being equal. It is

possible that race/ethnicity represents a surrogate measure for

locations south and southwest of the NL/Taracorp lead smelter, or

some other unknown covariates.

9. Soil lead is a significant predictor of blood lead in any

appropriate linear or additive model specification, which is

biologically and physically more realistic than the log-log model

in the IEHR/IDPH report.

ft
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TABLE E-l. Percentage of children vith Blood Lead

of J^ug/dl or Greater in Madison County Lead Study

Soil g£- (ppm)

0 - 249

250 - 499

500 - 999

1000 +

Unknown

Total

Number of children

10/162

33/169

21/104

12/39

2/16

78/490

Percent

6

20

20

31

-

16

Blood lead concentrations of 20 ug/dl or greater are sufficiently

high to warrant individual immediate intervention. These alsog
j*

show a very clear relationship to soil lead, with a marked C
**

increase at soil lead concentrations of 500 ppm or greater (6.7

to 7.7 %), compared to only 1.9 % of children living on yards

with soil lead less than 250 ppm.

TXBLB E-2. Percentage of Children vith Blood Lead

of 20 ug/dl or Greater in Madison County Lead Study

Soil Lead (ppm)

0 - 249

•

; -

99 ..

99

1000 '+

Unknown

Total

Number of Children

3/162

5/169

7/104

3/39

0/16

18/490

Percent

1.9

3.0

6.7

7.7

-

3.7
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10. jfT&al observation and analyses of Madison County data
L-l owing:

Significant transport of lead from soil to household
dust;

(B) Bare areas on soil in many yards, and significant amount
of child outdoor play activity, especially in

neighborhoods closest to the NL/Taracorp smelter;
(C) Quantitative relationship of soil lead with the

NL/Taracorp smelter, implying that soil derived from

historical deposition of airborne particles from the

secondary lead smelter and related smelter wastes are

likely to have bioavailability and other properties
similar to particles derived from smelter air emissions

in other communities; and, fj

(D) Quantitative strong relationship of blood lead to leak
in household dust, and indirectly to lead in soil

through the soil-to-dust-to-child pathway.

11. Lead particles emitted from smelters often have high

concentrations of relatively soluble species, such as lead oxides

and lead sulfates. Lead in soil and house dust derived from

smelter emissions are therefore more likely to consist of small
particles of relatively bioavailable species of lead. Since the

analyses in this report point strongly towards the NL/Taracorp
smelter as the source of most of the lead in soil and house dust
in most of the housing located in the rings closest to the
smelter̂ b̂ĵ lead particles encountered by children residing
there â K̂kely to be highly bioavailable, and the standard

assumpt̂ ^̂ BlbQut bioavailability used in the IEUBK model are^̂ î ŝ ^
consistent with site-specific observations and analyses. 11.

Site-specific conditions at the NL/Taracorp lead site are
therefore very close to those found at sites for which the IEUBK

model was calibrated and for which the default parameters are

appropriate.
12. When data from the Madison County Lead Study were used
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as a basis for evaluating the predictiveness of the IEUBK model,

systematio^|viations were noted when the reported dust lead
concentrates were used as input variables. These deviations

were larg«5*eliminated when dust lead concentration was
estimated using the IEUBK model default method, dust lead
concentration =• 0.7 soil lead concentration + 10 ppm. This is
consistent with the results of the regression models and the
environmental pathway models, which found some indication that
dust lead concentrations above about 1000 ppm may be inflated by
inclusion of large paint chips on the floors or window sills that
are probably not accessible to the child.

13. Using default input parameters in the IEUBK model, and
allowing for differences in the soil lead contribution to dust
lead within the range of values estimated at various parts of the
site, target levels for soil remediation are in the range of 350

«r>

to 480 ppm. Inclusion of lead paint lowers these levels *"<

^substantially (i.e., 115 to 350 ppm).

xiv



ASSESSMENT OF DATA FROM TEE MADISON

COUNTY LEAD STUDY AND IMPLICATIONS FOR

REMEDIATION OF LEAD-CONTAMINATED SOIL

1 INTRODUCTION

Children and pregnant women are the human subpopulations most

susceptible to the effects of lead. Childhood blood lead levels

depend on many factors. The most important factors must

necessarily be related to some environmental sources of lead,

since lead is not created in the child's body, but must be

brought into the body by exposure to lead occurring outside of

the body.

Typically, lead is carried in some medium of exposure. The
ingestion media most usually encountered by children include £
food, drinking water, and non-food media such as soil, household
dust, and chips or flakes of lead-based paint. Lead inhaled from
the air used to be an important exposure medium, but with the
phaseout of leaded gasoline in the 1970's and 1980's, inhaling of
lead in air is now a relatively minor pathway of exposure unless
the child lives near active primary or secondary smelters or lead
battery processing plants, or some similar specific sources.
Rare cases of lead poisoning from other sources, such as certain
ethnic medicines, foods, or cosmetics, may also occur. Finally,
lead is readily transferred during pregnancy from the mother to
the fetus, and after birth may be transferred from the nursing
mother tô ĥ r̂ .infant through the mother's milk, so that some part
of the m̂ f̂a* environmental lead exposure is transferred to the
newborn ̂ |K .Thus, all of the lead in the child's body has
come froa someplace outside. Identification of the major sources
of environmental lead exposure for children with elevated blood
lead concentrations is the primary challenge in th« epidemiologic
study of childhood lead exposure in the Madison County study.

Many other factors may modify the blood lead concentration in



a child who is exposed to environmental lead. The most

important •tSlifiers affect the amount of lead consumed in

differentjpBpia. For example, some children may consume a great

deal of taTTVater early in the day, either as drinking water or

as water used to make up the child's formula; other children,, in

other households, may drink much less tap water, so that the

concentration of lead in the tap water is not the only factor

that affects the amount of lead taken in by the child from tap

water, and two children exposed to exactly the same concentration

of lead in their drinking water may have different concentrations

of blood lead attributable to tap water.

The situation encountered in the Madison County study is that

children may be exposed to elevated levels of lead in several

media encountered in their homes, including lead in household

dust, in yard soil, and in lead-painted walls and trim inside %nd

outside the house. The amount of time that the one child spen̂ P

playing in the yard outside the house, on the floor, or at some'

other non-home location can differ greatly from the activity

pattern of another child, and the amount of surface soil or dust

that the child picks up on his or her hands and transfers to the

mouth during normal play activity also depends on parental

awareness, hygiene habits and other factors. However, even if

the child consumes large quantities of media such as water, dust,

soil, or paint, there is no lead exposure unless there is lead in

the media.

Some of the modifying factors for lead intake (See Section
3.1 of this report) can sometimes be observed, but in many

•̂•Cepidemiô B̂oitudies such as that carried out in Madison County,
the modî K̂ factors are only inferred from family
characteristics such as parental education or income, from
ethnicity or 'race, or from other child characteristics such as
age or sex. The Madison County study collected data on a large
number of potential modifying factors, but it is important to
remember that the modifying factors must necessarily have a
secondary role compared to the measurable components of lead



exposure.

The st̂ J was directed by the ATSDR in 1991 and carried out
by the ipjĵ primarily via its contractor, IEHR, and U.S. EPA (as
guided by IDPH and ATSDR) . Analyses of the data were presented
in a draft report by IEHR and IDPH (February 1994), hereafter-
described as the IEHR/IDPH report, and by ATSDR in a separate
report (May 1994) with a more cursory analysis. U.S. EPA
provided a critical review of these analyses (Marcus et al., May
1994) , but it did not provide an analysis of the data since it

did not yet have access to the data. The preliminary report of
the reexamination of these data (Marcus 1994) was submitted as
part of the Administrative Record Update as part of U.S. EPA's
proposed plan and public comment period for the residential soil
cleanup level in October, 1994. U.S. EPA requested access to the
data from IDPH (through a request by the U.S. Department of f?
Justice). Data on blood lead, environmental lead, and family 

î

interviews for 490 children in Madison County, Illinois, were
provided to U.S. EPA by the IEHR, IDPH's contractor, in late
1994. The data were sent to U.S. EPA on diskette in ASCII
format. U.S. EPA converted these data into a SYSTAT (Wilkinson
1992) data file used in analyses reported here were performed.
Additional analyses required creation of SAS (SAS 1990) data
sets. The data set was incomplete in some important ways, as
described below. In this report, U.S. EPA performs reanalyses of
the data. The purposes of the for U.S. EPA's reanalyses are:

1. To assess the results described in the IEHR/IDPH report
use in evaluating childhood lead exposure in

M a d i b u n t y ;

2. To exHMF'these analyses so as to obtain relevant site-
specific inferences about environmental pathways for
childhood lead exposure for Madison County children, with
particular emphasis on those locations nearest the
NL/Taracorp smelter;

3. To provide site-specific information about relevant
parameters in the EPA Integrated Exposure, Uptake, and
Biokinetic Model for Lead (IEUBK Model) which predicts the



distribution of blood lead concentrations expected in
childre»r^f a specific age who all have the same specific set
of envi^ninental lead exposure concentrations—equivalently,
the rJ^K>? incurring different blood lead concentrations for
any cHiWr with such exposure;

4. To evaluate U.S. EPA's proposed soil remediation level of 500
ppm using this recent information.

This report provides the technical basis for the inferences

made in U.S. EPA's preliminary report of results. The U.S.

Environmental Protection Agency will describe the methods used in

the analyses, a complete set of results,'and the basis for U.S.

EPA's conclusions. This report is divided into the following

sections. Section 2 provides a detailed narrative for the simple

graphical and tabular presentations given in the preliminary

report (U.S. Environmental Protection Agency, October, 1994).

Section 3 evaluates potential problems of confounding, and *

describes several approaches to assess the extent of confounding
~t

in the Madison County study and to alleviate the problem where it

exists. In particular, the role of hierarchical regression

modelling is discussed.

Section 4 describes the results of several approaches to

deriving statistical relationships among child blood lead and a

host of demographic, behavioral, and environmental factors that

may contribute to blood lead. The regression modelling

approaches in Section 4 also help to identify important variables

for subsequent analyses. One approach parallels the log-log

regression methods used in the IEHR/IDPH report, but enlarges the

approach toa^wider range of possible factors contributing to

child blô K̂ad. The second approach is similar to earlier EPA

analyseŝ ^̂ Ks useful in evaluating exposure pathways assumed in

the IEUBK model.

During the course of these analyses, it became obvious that

several extremely high dust lead concentrations had an undue

influence on the nature of the regression analyses. Subsequent

investigation showed that many of the dust lead concentrations

reported in the study consisted of mathematical averages of dust



lead concentrations in fine particles and dust lead

concentrators in larger debris, including lead paint chips that

may have •Jf-ously biased the reported concentrations.
Consequently; it was necessary to perform subsequent analyses
with and without these extremely high dust lead values in order
to evaluate the sensitivity of the results to inclusion of data
that differed substantially from data used in other studies. The
regression models also provide a basis for assessing the relative
importance of exterior lead-based paint and distance from the
NL/Taracorp smelter as contributing sources of lead in soil, and
the relative importance of soil lead, interior lead-based paint,
and exterior building condition as contributing sources of lead
in household dust.

Section 5 reports the results of analyses in which an
explicit causal model is assumed for environmental lead pathways,
particularly from paint to soil and house dust. These results
also described graphically and in tables, with a minimum of
technical details. The technical details are given in Appendix
B. The use of the analyses in providing input to the IEUBK model
is described in Section 6. Section 7 evaluates the adequacy of
the IEUBK model for estimating blood levels for children in the
Madison County blood study. Sections 6 and 7 present the basis
for a soil lead cleanup level. Section 8 describes the soil lead

results when input values for the IEUBK Model from Section 3.1
are used, and describes the reevaluation of the soil lead cleanup
level for the NL/Taracorp Superfund site.

The main body of the text of this report describes the
results Ĵ HB* analyses with little technical detail. Some
readers ̂ ^̂ ELsh to review these technical details, so that a
much mor^extensive mathematical presentation of the results is

given in the 'Technical Appendices.



2 DESCRIPTIVE STATISTICAL ANALYSES

2.1 SimpW^Btatistical Summaries

The IMĴ  Environmental Protection Agency's analyses are all
related dWfesessing the risk of elevated blood lead that
exposure to lead from diverse sources poses to children in
Madison County, with particular attention to the former

NL/Taracorp lead smelter at the NL/Taracorp Superfund Site in
Granite City, Illinois and environs. It is generally recognized
that there are other potential sources of lead in Madison County
to which children may be exposed, such as waste pile material
used for street repairing in Venice, battery casings and waste
pile material used as fill in Eagle ParJc Acres, and deteriorating
lead-based paint on older housing throughout the community. In
all of these, there is an important component of location
relative to the NL/Taracorp lead smelter. The data provided to

MU.S. EPA only contain a single spatial component, rings of so-r
called "DISTANCE", which is the approximate distance of the *
household from the NL/Taracorp smelter or center of the site, in
units of about 1/8 mile. This is shown in Map 1. The U.S.
Environmental Protection Agency has therefore reported the mean
or geometric mean values of the variables in the data set in each
ring. The number of children with blood leads (NC) and number of
households (NH) with children is also reported. Each of the
other variables is either a household or family measurement
(coded H) or an individual child measurement (denoted C). The
uncertainty associated with each mean is either the standard
error (denoted s.e.) or percentage relative standard error
(denotecflHE*.). These are shown in Table 1 through Table 5,
and graĵ ^̂ fcly in Figure 1 through Figure 18. Standard errors
are shoŵ ĥ each mean or percentage, and relative or geometric
standard errors with each mean geometric mean in these figures.

2.2 Blood Lead

Table 1 shows that the percentage of children with elevated
blood lead concentration, defined as blood lead of 10 ug/dl or



greater, tĵ ds to decrease with increasing distance from the

NL/Taraco«B^melter. There are small deviations from this rule,
consistecQptth random deviations expected in small to moderate
sized groups of children, except for distance ring 9, where 5 of
22 children have blood leads of 10 ug/dl or higher. This small
deviation may correspond to exposure to other sources of lead,
such as battery casing debris, in remote neighborhoods in Venice
Township or in Eagle ParJc Acres or other unincorporated parts of
Madison County. The percentage of children whose blood lead
concentrations are 15 ug/dl or greater are particularly
concentrated near the NL smelter, at rings 1, 2, and 3 on Map 1.
The percentage of children with blood lead concentrations of at
least 20 ug/dl are also concentrated in rings 2 and 3, lower in
rings 4, 5, and 6. In view of the small number of children in
ring 1, it is not surprising that no child with blood lead at $
least 20 ug/dl is found in ring 1 (n is approximately 9) . Thi<jj
is shown in Figures 1, 2, and 3 respectively. Figure 4 and Table
1 show that the geometric mean blood lead concentration decreases
with increasing distance from the NL/Taracorp smelter, in
general. Some figures (such as Figures 19-21) are plotted on a
natural logarithm scale (base e, not base 10), since the
distribution of blood lead concentration and most other variables
used in U.S. EPA analyses are not normally distributed, but have
a substantial amount of skewness towards high values.
2.3 Environmental Lead
2.3.1 Lead in Residential Soil and in House Dust

EnvdjMMMjntal lead concentrations also show a striking
relation̂ n̂rith distance, as shown in Table 2 and in Figures 5
through ̂HJlEoil lead concentration shows a very consistent
decrease with increasing distance from the NL/Taracorp smelter,
except for 2'households in ring 10. The reader should note that
the standard errors are relatively small, compared to those in
most other indices, showing that the relationship between soil
lead and distance is relatively well defined. Table 2 and Figure

6 show a very similar relationship between distance and dust lead



concentration, again excepting ring 10. Table 2 and Figure 7

also show^a^rery similar relationship between distance and dust

lead loadJP/ with larger variability than dust lead

concentration, but with greater consistency including ring 1Q.

Mean blood lead concentration, soil lead concentration, house

dust lead concentration, and house dust lead loading show very

similar patterns of decreasing concentration with increasing

distance from the NL /Taracorp lead smelter, on average.

2.3.2 Lead-Based Paint

Other environmental indices are not shown in the Tables,
but in Figures 8 through 11. Loadings of deteriorating lead
paint inside and outside the house show little or no relationship
to distance from the NL /Taracorp. This suggests that
deteriorating lead-based paint is not the most important direct
environmental factor in childhood blood lead in Madison CountyV

and is much less important than soil lead and dust lead. This is

not to say that paint lead may not be a significant indirect
source of childhood lead exposure. Deteriorating interior lead-
based paint may be a significant contributor to household dust
along with lead in soil. Deteriorating exterior lead-based paint
may be a significant contributor to lead in soil along with
proximity to the smelter but the soil lead measurements in the
Madison County Study found only a slight contribution of exterior
lead paint to lead in soil away from the dripline. This will be
shown in subsequent analyses. Figure 8 shows that the interior
lead paiĵ £̂zard index has only a weaX relationship to distance
from tlû K̂aracorp smelter. This interior lead paint cannot
explain̂ ((|f the blood lead variability in the data set. Lead
paint hazard index was measured in the data set by the product of
the paint condition (from 0 to 10 on a scale of increasing
deterioration) times the lead paint loading measured by X-ray
fluorescence (XRF) analyzer. Figure 9 shows that exterior lead
paint hazard has even less average relationship to distance.
There is in fact a strong relationship between environmental lead



and lead-based paint, but this is visible after the dominant
effect of̂ dlstance from the NL/Taracorp smelter is removed, using
more sopb^ticated statistical methods.

2.3.3 Lead in Drinking Water
Figure 10 shows that the household tap water lead

concentration is highest in the housing closest to the
NL/Taracorp smelter, but otherwise show little relationship to
distance. Thus, lead in tap water may be a contributing source
of child blood lead and is, in some analyses, but is not the
primary factor.

2.4 Modifying Factors for Lead Exposure: Household
Environment, Demographics, and Individual Child Behavior

The relationship between blood lead and environmental lead is—>
affected by demographic and behavioral variables. While a chfild
could not acquire an elevated blood lead concentration without*
ingesting or inhaling environmental lead from some medium,
contact with and exposure to that medium, and the amount of
intake from the medium depend strongly on social and behavioral
aspects of the environment. Most of the variability in child
blood lead concentrations can be attributed to inter-individual
differences in lead exposure, absorption, and biokinetics. For
example, poor nutrition may cause an increase in lead absorption,
or possibly even an increase in lead intake. Even in the same
environment, some children will ingest little lead from soil or
dust, or will absorb little of what they ingest, while others
will injflttEand absorb a much larger quantity. This does not
mean tĥ ^̂ M amount of lead in the environment is unimportant,
since aflHB-all studies have found a strong relationship between
some components of environmental lead and blood lead in children.
It does mean that the modifying effects of socio-demographic
conditions that affect exposure, individual behaviors, and
individual absorption and biokinetic elimination of lead must be
included in a mathematical model in order to interpret the data.



2.5 Household Environment

2.5.1 £Effc ifl tne Household
Total dust loading shows almost no relationship to distance

from the NL/Taracorp smelter, on average, so that increased'
dustiness of homes cannot explain the higher household dust lead
loadings found near the NL/Taracorp smelter. As will be shown
later, total dust loading is an extremely important predictor of
dust lead loading, but it is the higher concentration of lead in
household dust or soil that accounts for higher dust lead
loadings near the NL/Taracorp lead smelter. Figure 11 shows
somewhat higher dust loadings in rings 2 and 10, although there
is a great deal of uncertainty associated with the geometric
means from such a small number of households.

The reader should note at this point that there is an exajgt
mathematical relationship between dust lead concentration, dust
lead loading, and dust loading. Dust lead concentration is
measured in micrograms of lead per gram of dust. Dust lead
loading is measured in micrograms of lead per square meter of
surface. Total dust loading is measured in units of milligrams
of dust per square meter of surface. Thus, in the*'IDPH data set,

(Dust lead concentration) * (Dust loading) / (Dust lead
loading) * 1000.

This implies an exact linear relationship when logarithms are
sides of this equation. The terms "log" or "In"

terchangeably in this report to mean the natural or
irithm. The above equation is equivalent to:

• log(Dust lead concentration) + log(Dust loading) - log(Dust

lead loading) - log(1000)

This is useful in providing a benchmark for the reader to

10



interpret the concept of 'collinearity' discussed below.
Househol**̂ |ust loading is correlated with many other socio-
demogra^fe variables, but plays a very important role in
househo^^wnvironmental lead exposure.

2.5.2 Housing Age

Table 3 shows some of the demographic characteristics that
U.S. EPA has found useful in interpreting the Madison County lead
study. There is a clear gradient from older housing near the
NL/Taracorp smelter to newer housing farther away. U.S. EPA has
assigned the midpoint of each decade in order to calculate a mean
as shown in Table 3, and a nominal value of 1905 to all pre-1910
housing. Housing age is clearly a surrogate for historical
exposure to smelter emissions and soil deposition, for increased
likelihood of encountering lead-based solder in plumbing
materials or lead alloy pipes and fixtures. Older houses atjfc
also much more likely to have deteriorating lead-based paint.1
U.S. EPA did not use housing age in subsequent analyses because
it was unknown for over 30% of the households in the study.

2.5.3 Condition of the Building Exterior
Condition of the building also turned out to be a useful

predictor, both for blood lead (as a socio-demographic surrogate)
and for environmental lead. This was coded 1 for least
deteriorated buildings, 3 for very deteriorated buildings, and 2
for moderately deteriorated buildings. Subsequent analyses
showed that building condition was about as predictive treated as
a metrjflHFnuineric variable as it was when coded into three
classê ^̂ pthat the mean building condition is shown in Table 3
and in̂ ^̂ re 12, and shows a steady improvement in building
condition..from ring 2 outward. This variable was used in many
analyses, even though it was missing for about 20 percent of all
households in the study, and is denoted BLDGCOND in some of U.S.
EPA's tables. Missing values were imputed in the IEHR/IDPH
report using the overall mean building condition value of 1.389;

11



this variable is denoted BLDCONIM in some of U.S. EPA's tables.
Since bui*dj|ng condition shows a good relationship with distance,
U.S. EPAdtopo tested a scheme in which missing values where
imputed UJP-tosing the average value for the ring shown in Table 3,
for example assigning 2.00 to missing values of building
condition for ring 2, 1.63 for ring 3, 1.50 for ring 4 and so on.
This scheme proved to be much more predictive than using the
grand mean of 1.389, and is denoted BLOGCIMP.

2.5.4 Use of Home Air Conditioners

Air conditioning is both an indicator of economic status and
a physical device that may reduce the amount of airborne dust
particles and resuspended exterior dust from surface soil
entering the house through the windows and doors. However, the
pattern with distance shown in Table 3 is not exactly parallel to
that of other variables. Although selected in other analyses??
this variable did not prove as highly predictive of child blood
lead as was suggested in earlier analyses.

2.C Demographic Factors
2.6.1 Parental Education

Parental education is often the most significant component of
indicators of socio-economic status (denoted SES in other
studies). This was characterized numerically by the number of
years of education completed. Some coding conventions were
necessary, such as 12 years for completion of a GED, 13 or 14
years for attendance at technical schools or junior colleges, and
17 yearflH*a nominal value for any graduate or professional
school̂ ^̂ KS* fiPA found that parental education could predict
blood nMKetter if the parents' actual educational level was
specified ..and used as a predictor rather than simple dichotomies
such as coding "less than high school" vs. "high school graduate
or above11. Table 3 and Figure 13 show that mean number of years
increases steadily with increasing distance from the NL/Taracorp

smelter, from a minimum at ring 2. In later analyses, parental

12



education was a good predictor of childhood blood lead levels.

It is important to note that the correlation between education

and dust̂ d̂ was not strongly correlated, and that education was

an imporqjjf covariate of blood lead, but not a strong confounder
for environmental lead in dust or soil.

2.6.2 Parental/household Income

Household income was reported in inexact groups, intervals of

$5,000, in order to improve the confidentiality of the study.

U.S. EPA used the midpoint of each interval as a numeric

covariate, for example, $2500 for the group reporting 0 to $5000

per year. Even though parental education was much more

predictive as a sociodemographic factor, the logarithm of

household income was an additional statistically significant

predictor of blood lead. The incidence of children with elevated

blood lead was lower in higher income households even after ^

statistical adjustment for environmental lead indicators,

suggesting that the effect of environmental lead was not

completely confounded with socioeconomic factors.

2.6.3 Home Ownership

Home ownership shows a clear increase with increasing

distance from ring 2 outward, as shown in Table 3 and Figure 14.

This variable also proved less predictive than other socio-

demographic variables, but was included in preliminary

assessments.

2.6.4 ^̂ *e *ad Kthnicity

^̂ •̂TRaĉ HR ethnicity are among the most important demographic

variablQK*this data set. Many other studies have found higher

blood lead concentrations in children from certain racial or

ethnic sub-populations, even when adjusted for similar levels of

environmental lead and other socio-demographic variables (Stark

et al. 1982; Weitzmann et al. 1993). This study coded racial

sub-groups as 1 * White, 2 - African American, 3 - Asian or

13



Pacific islander, 4 - American Indian or Alaska native (Q. 205).
Because ô the small number of children in categories 3 or 4,
these wejflfeometimes combined with category 2 * African American
into a ritV^Non-white" group, in other analyses, another
variable was created by coding category 2 as 1, and combining
categories l, 3, and 4 and coded them as 0. Interview questions
also identified Hispanic ethnicity (Q. 206) but these data were
not provided to us. As shown in Table 3 and Figure 15, non-white
households are located differentially from ring 6 outward to ring
9. U.S. EPA suspects that the majority of these are located in
the communities of Madison and Venice, but no data were provided
to U.S. EPA that would allow confirmation of the community in
which the non-white households were located. Additional analyses
for these more highly impacted subgroups may be useful.

The IEHR/IDPH report has found no apparent difference in -,
race/ethnicity relative to childhood blood lead levels. However,
a more detailed statistical analysis carried out by U.S. EPA ""•
shows that race/ethnicity does appear to have a significant
effect in childhood blood lead levels in Madison County. The
analyses in the IEHR/IDPH report may have obscured this finding,
since simple comparisons of blood lead concentrations among white
and non-white residents of Madison County ignore the fact that
the majority of non-white residents lived at distances at which
there were typically lower soil and dust lead concentrations.

2.6.5 Number of Pre-8chool Children in the Household

Some previous studies have suggested that households with
age children may allow greater childhood lead
in elevated blood lead concentrations (Stark

et al. 191. Table 3 and Figure 16 show that there is some
tendency towards larger numbers of children in households closer
to the NL/Taracorp smelter, but the tendency is not striking and
proved to be less predictive than other socio-demographic
covariates. However, from the point of view of community risk
assessment, it is important to note that households with several
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pre-school children may be differentially located in certain
areas ofs*̂ e community. In some inner-city neighborhoods in the
Urban Ŝ jfeLead Abatement Demonstration Projects in Baltimore,
Boston,̂ 9BH Cincinnati, larger houses and larger apartments in
old housing were preferred by families with multiple children.
In view of the rapid turnover of rental housing in these
communities, the number of lead-exposed children over some period
of time may be larger than can be estimated from a simple cross-

»

sectional study such as the Madison County study.

2.6.6 Cigarette Smoking

One of the household characteristics studied in detail was
the number of cigarettes smoked per day by the adult who was
interviewed (questionnaire item 409, especially Q. 409.3). While
some household dust lead may come from cigarette smoke particles,
it is also possible that cigarette smoking is a surrogate for5?
other family characteristics that affect childhood exposure to
dust and soil. Further study of this relationship would be
interesting. Table 3 clearly shows a gradient of smoking from a
maximum at ring 2 and a marked tendency to decrease with
increasing distance from the NL/Taracorp lead smelter. However,
this variable was usually not predictive of blood lead when other

sociodemographic variable were included in the model.

2.7 individual Child Variables, including Age and Behavior
2.7.1 Age Distribution

Table 4 shows the age distribution as a function of distance
from tl̂ B̂ Taracorp smelter, and the mean age of children in
each r̂ ^̂ EThe age distribution is shown in Figure 17. Note
that tfl̂ Rfaeas to be relatively little dependence of age on
distance,., so that the inclusion of age in a model for blood lead
is not expected to confound the relationship of blood lead with
environmental lead in subsequent analyses.

2.7.2 Tim* Spent in Various Activities
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Data were available on individual child activities, including

the numbfip̂ of hours per week spent at home, the number of hours

per day^Mnt playing outside the house, the number of hours per

day speflRjtlaying on the floor, and the number of hours per day

spent sleeping. The first three of these are shown in Table 5,

and the mean number of hours spent playing outside shown in

Figure 18 as a function of distance from the NL/Taracorp smelter.

There is also a systematic decrease in outdoor play with

increasing distance from the NL/Taracorp lead smelter. This

analysis suggests that soil exposure is likely to be greater for

children living in rings 1 to 3, which are close to the

NL/Taracorp smelter.

2.7.3 Mouthing of Non-Food Objacts

Individual child behavior is important in understanding why
children with similar soil lead levels can have very different
blood lead concentrations. However, the relevant behavior is-1 not
easily captured on a questionnaire. Some useful information may
be obtained from items on the mouthing of non-food objects, and
on whether the child eats paint chips. These items are coded 1 —
"Does this a lot", 2 - "Just once in a while", 3 » "Almost
never", 4 = "Never". U.S. EPA has provisionally receded these
into a consumption frequency scale that may be more useful as a
numeric predictor of surface soil or dust intake. U.S. EPA
receding is: "Never" - 0 (times per month), "Almost never" * 1
(time per month), "Just once in a while" - 3 (times per month),
'•Does this a lot" » 10 (times per month). The mean values are
shown jtfBB&le 5.

2.8 ConHRlo&s and Relationships Among Variables
Many multivariate modelling approaches are based on

associations among variables. The methods used in many
textbooks, are based on simple Pearson correlation coefficients
among the numeric variables. U.S. EPA will emphasize this
approach in this report. Categorization of variables is often
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not needed, since it involves some loss of information. Some
categorical variables of particular interest, however, include
health-b^Md responses such as whether a blood lead concentration
exceeds^Jpe criterion such as 10, 15, or 20 ug/dl. Another
categorization of interest is whether a soil lead concentration
exceed some action-based criterion such as 500 or 1000 ppm.

2.8.1 correlation Coefficients

Based on preliminary assessments, the list of variables used
in U.S. EPA's analyses was reduced to a manageable set of 31
variables. They may be characterized as follows, using variable
names in U.S. EPA's analyses and some receding for clarity:

• Response variable LOGPBB » natural logarithm of blood lead;

Location LOGO 1ST =« natural logarithm of distance from NL/Tara£orp
smelter, in rings of about 1/8 mile, coded 1 to 10; .'•

Environmental lead variables:
•LOGPBD = natural logarithm of dust lead concentration;
•LOGPBDL = natural logarithm of dust lead loading;
•LOGPBS - natural logarithm of soil lead concentration;
•LOGPBW = natural logarithm of water lead concentration;
•LOGXRFMN - natural logarithm of average lead paint loading

measured by XRF, plus 1;
•LOGCXI » natural logarithm of interior lead paint loading times
paint condition, plus 1;
•LOGCXQHHMttural logarithm of exterior lead paint loading times

paint ̂ ^̂ Rion, plus 1;
•REFINlBBJ|-ref inishing or paint removal done within last year (0

- no, 1 -..yes);

Demographic and household variables:
•AIRCOND « air conditioner used (0 - no, 1 - yes);
•BLDCONIM - building condition, with imputation (1, 2, or 3 if
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not missing; 1.389 if
missinĝ ;

number of cigarettes smoked per day;
educational attainment, in years;

•INCOME =» total household income, coded 0 to 9 in intervals of
$5000;
•LOGDSTLD = natural logarithm of total dust loading;
•LOGYRS = natural logarithm of time at residence, in years;

•NONWHITE - parents Afro-American, Asian, Pacific Islander or
Native American (0 if
no, 1 if yes) ;
•NUMSMOKE - number of smokers in household;
•RENT_OWN - rental housing (0 if no, 1 if yes) ;
•USEDSLAG - slag used as fill on property (0 - no, 1 » yes) ;

Individual child variables: &
•AGE - child's age in years;
•AGE2SQR - (age - 2 years) , squared;
•FOLK_MED - folk medicine used (0 « no, 1 - yes) ;
•HRS_HOME - hours spent at home, per week;
•HOUTHFR - mouthing frequency, coded 0, 1, 3, or 10 for never,
almost never, once in a
while, a lot;
•OUTPLHRS * hours spent playing outside, per day;
•PAINTFR - frequency of eating paint, coded 0, 1, 3, or 10 for
never, almost never, once
in a while, a lot;

urs spent playing on floor;
•SEX Hd's sex (0- male, 1 * female);

child sucks thumb (0 - no, 1 - yes) ;

The correlations involve both household and environmental
factors on a household unit level, and individual child factors.
U.S. EPA therefore calculated the correlation matrix from the
complete child data set, which implicitly weights each household
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or environmental correlation by the number of children in that
household .farcin U.S. EPA opinion, from a risk assessment

perspect^Afc this is an appropriate weighting. Correlations
calculatiMJSftrom the household-level data set show little
difference, however. The results are shown in the Technical
Appendix, Tables Al, A2, and A3. Table Al shows the simple
pairvise Pearson correlation coefficients, Table A2 the number of
pairs of children from whom non-missing data were available, and
Table A-3 the statistical significance or P-value of the
correlation.

Any single pairwise correlation coefficient is difficult to
interpret by itself because the variables are highly inter-
correlated, and a nmltivariate approach must be used in order to
determine overall patterns of association. Any attempt to
interpret individual pairwise correlation coefficient is likely
to mislead or confuse the reader who is trying to draw some ?»
causal conclusions from these data. Section 3 sets out some --•
basic principles and develops modelling strategies for

interpreting these data.
It may be useful to the reader to visualize the strength of

the statistical associations described by the pairwise
correlation coefficients. We have done this in Figures 19 and
20, which are presented as "scatter plot matrices" (Wilkinson
1992) in order to emphasize the multivariate nature of the data.
Figure 19 shows the bivariate scatter plot matrix for the
logarithm of blood lead and the logarithms of the four most
predictive environmental lead variables in the order of their
decreasjBHBfredictiveness with blood lead. The plots are shown

in "stâ ^̂ Kzed values" or Z-scores so that all figures are
shown ô Ĥrot 'the same scale. Since the correlation coefficient
between any two variables (say, X and Y) is the same whatever the
order of the variables (X and Y or Y and X), we have reduced the
visual clutter by showing only half of the correlation scatter
plots; the other half are simply the mirror images of those
shown. The correlation of a variable with itself would be plotted
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as a straight line, and always is a perfect linear correlation of
1.0 (the maximum possible). The bivariate correlation (denoted
r) betwe|̂ Lqg( blood lead) and log (dust lead loading) is fairly
strong, Jjfo.429. There is a great deal of scatter in the plot,
since child blood lead depends on many factors other than dust
lead, but there is also a strong and highly significant positive
relationship. The relationship between log(blood lead) and
log(dust lead concentration) is weaker but still very

significant, r = 0.314. The direct correlation between log(blood
lead and log(soil lead) is weaker yet, .r = 0.254, but still just
significant. The direct pairwise correlation between log(blood
lead) and log(l + lead paint hazard index) is weakest of all, r =
0.170, and not very significant. This particular transformation
was chosen because the lead paint hazard index for houses with no
interior lead paint is 0, which does not have a finite logarithm.

The strongest linear correlation coefficient in Figure 19 .̂ Ls
that between log (dust lead loading) and log (dust lead '"'.
concentration), r » 0.824, which is not surprising since there is
an exact linear mathematical relationship between them,

• log(dust lead loading) * log(dust lead concentration) +
log(total dust loading) - log(lOOO).

The variability in this scatter plot is attributable to
differences in total dust loading among households. The
correlations between log(dust lead loading) and log(soil lead
concentration) or log(l + interior lead paint hazard index) is
weaker, MS till statistically significant.

almost an equally strong correlation between
concentration) and log (soil lead concentration) or

log(l + interior lead paint hazard index), respectively r * 0.438
and r - 0.433. This is consistent with a causal model in which
both soil lead and interior lead paint are significant sources of

lead in house dust.
The panels in Figure 19 show that these log-transformed lead
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variables are found in roughly elliptical clouds of data points,
with a f«j|*̂ traggling values or "outliers" in each plot. This
suggestsifckat standard multivariate statistical methods based on
an assuMMPunderlying multivariate normal distribution will be
adequate for most analyses, but that some attention must be given
to outlying values. This concern was not discussed in the
IEHR/IDPH report.

Figure 20 shows the correlations and scatter plots for the
five lead variables with the five most likely covariate
confounders of the relationship between blood lead and
environmental lead: log(total dust loading), imputed building
condition, decade in which the residence was built, household
income, and parental education. The one really strong
relationship in Figure 20 is that between log(dust lead loading)
and log(total dust loading), which reflects an underlying exactly
linear mathematical relationship in which variability is due -Jbnly
to differences in log(dust lead concentration). While higher^
levels of soil lead and lead paint are found in older houses
closer to the NL/Taracorp lead smelter, the correlations of
housing age with blood lead and dust lead are much weaker. This
shows that the actual dust lead loading as an index of lead
exposure is a better predictor of blood lead than is housing age,
since it includes information about both the amount of lead in

dust and the amount of dust on the floors of the child's
residence. The logarithm of total dust loading is therefore
correlated moderately well with log(blood lead) because it is a
component of log(dust lead loading), but log(total dust loading)
is virtfHB& uncorrelated with log (dust lead concentration) ,
log(sô ^̂ bd concentration), and log(l + interior lead paint
hazard̂ HRr) .' The amount of dust on the floor appears to be a
very appropriate index for relating socioeconomic variables and
housing condition to child blood lead, but dust loading is not
strongly confounded with environmental lead variables, so that it
is feasible to evaluate the separate effects of different lead

sources on childhood lead exposure.
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Finally, the importance — and difficulty — of showing data
in more tjjan two dimensions is illustrated in Figure 21. In this
three-d^unsional display we illustrate the most important

relatio4HP(P8 among blood lead, dust lead loading, and soil lead.
Much of the variability in log(blood lead) is attributable to
differences in dust lead loading, with a smaller but not

insignificant increase in blood lead associated with differences
in soil lead, over and above those differences attributable to
dust lead loading. All of the statistical analyses described in
Sections 4, 5, and 6 elaborate these ideas. A multiple linear
regression model for log(blood lead) vs. Log(dust lead loading)
and log(soil lead) is a mathematical procedure for producing a
simple approximate description of the relationship. The
mathematical relationship is sketched by the shaded plane that
cuts close to most of the blood lead data points, with a few
values further away because of inter-individual differences apt

i\
attributable to the measured quantity of lead in residential foil
and dust. The significant effect of dust lead loading is shown
by the steep slope of the plane on the log(blood lead) vs.
Log(dust lead loading) plane projection. The smaller effect of
soil lead is shown by the flatter slope on the log(blood lead)
vs. Log(soil lead) plane projection, which is also statistically
significant because of the large number of children in the study.

2.8.2 Bivariate Tables for Percentage of Children with Elevated

Blood Lead

GrgflBftBcr of continuous variables such as blood lead or soil
^̂ Br .lead î ^̂ Mtegbries is usually not necessary and may cost some

infonnHlKr However, sometimes it is easier to understand a
relationship by looking at grouped data, especially where the
groups are determined by generally recognized public health
criteria (such as blood lead), or by regulatory or administrative
guidelines such as the range of soil lead remediation levels of
500 to 1000 ppm in the U.S. EPA's former soil lead directive. An
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example of this is given in Table 6a, which shows the percentage

of children with elevated blood lead concentrations (10 ug/dl or

greater)̂ jpr four ranges of soil lead (0-249, 250-499, 500-999,

and lOOqgppm) and three ranges of dust lead concentration, low

(0 to 249 ppm), medium (250 to 749 ppm), and high (750+ ppm).

The soil cut points reflect the remediation range for lead "

suggested in U.S. EPA's former soil lead directive (500 to 1000

ppm) as well as a low or baseline range for urban areas (less

than 250 ppm). The dust cut points were chosen to provide

sufficiently large numbers in each group or cell in the table,

but other cut points were evaluated and showed similar trends.

Table 6a shows that when dust lead levels are low, soil lead

concentrations show little relationship to blood lead in this

data set, probably reflecting that the common soil-to-dust

pathway has been controlled to some extent. However, when dust

lead levels are in the "medium" range, there is a clear gradient
3

from the percentage at low soil lead (13.5 percent with elevated

blood lead) to medium soil lead (23 and 21 percent elevated blood

lead) to high soil lead (30 percent above 1000 ppm soil lead).

When lead concentrations in house dust are high, the gradient

with soil lead is very steep, from 6.7 percent children at low

soil lead (< 250 ppm) to 26 percent having elevated blood lead

when exposed to soil lead of 500 to 1000 ppm, and 31 percent

above 1000 ppm. The increased gradient of blood lead with

increasing dust lead is most noticeable in the soil lead category

of 500 to 999 ppm, which supports the usual interpretation that

soil lead is largely transferred to humans via house dust. This

is lesflHtaar in the other groups, but due to small or moderate

number ̂^̂ Khildr en in most cells (numbers shown in parentheses) ,

Table flHB>uld not be over-interpreted.

Similar results are shown in Table 6b for blood lead

concentrations of 15 ug/dl or above, and in Table 6c for blood

lead concentrations of 20 ug/dl or above. In Table 6b, where

dust lead concentrations are sufficiently high to suggest that

the indirect exposure pathway from soil through house dust may
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actually exist for these households, there is a clear increase of

elevated ̂ fĉ pod lead percentages at soil leads of 500 ppm or

greater d|£n Table 6c, the occurrence of highly elevated blood

lead co^Wtrations of 20 ug/dl or greater is substantial when

soil lead is 500 ppm or greater, but typically only when elevated

dust lead concentrations (750 ppm or greater) occur for the

indirect exposure pathway.

Table 7 presents a similar display for ranges of dust lead

loading and interior lead paint hazard. The lead paint hazard

index CXRFIAV is the average of the product of lead paint XRF

loading and paint condition number over a number of surfaces

inside the housing unit. The ranges of soil lead and lead paint

index were chosen to produce sufficiently large numbers of

children in each cell in the table. It is clear that there is

little evidence of a gradient of the percentage of elevated blood

lead with lead paint under most circumstances, whereas there 4s a

clear increase of blood lead with dust lead loading when the lead

paint hazard index is either low (< 0.5 mg Pb /sq.cm.) or high (>

5 mg Pb /sq.cm.). The soil lead relationship is flat at medium

ranges of the lead paint hazard index (1.5 to 5 mg / sq.cm.).

Certain other anomalies exist in Tables 6a-6c and Table 7,

such as the rather high percentage of elevated blood lead for

moderate levels of soil lead (250 to 499 ppm) at all ranges of

dust lead. It is clear that other factors must be invoked to

explain such anomalies in the form of a multivariate

relationship. The remainder of this report develops these

relationships.

3 coNroBVKKd or VARIABLES AMD IMPLICATIONS FOR MULTIVARIATE
STATISTICAL MODELLING

The issue of confounding came up in several contexts: (1) in

the draft IEHR/IDPH report of Feb. 1994, and in a subsequent

commentary and response by Dr. Maurice LeVois of July 21, 1994

(received by U.S. EPA on January 6, 1995), as a justification for
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not attempting to include both soil lead and dust lead as

predictoriî f blood lead; (2) as a justification for attributing

as much gijthe variation of blood lead as possible to behavioral

and socfWHSftographic factors, and to environmental factors other

than lead. In this section, U.S. EPA will discuss several of

the most import aspects of confounding as they affect the Madison

County Study:

3.1 identification of Potential confounding
Confounding is a potential problem.in an epidemiological

study. Well-designed studies can minimize the occurrence of

confounding. However, even in an observational study with

inadequate epidemiological design such as the Madison County

study, a post-study analysis of the data finds little evidence

that the relationships among blood lead, soil lead, paint leacj,

and sociodemographic factors are so severely confounded as tojg

preclude quantitative analysis. The effects of soil lead, dust

lead, paint lead, sociodemographic and behavioral factors can be

estimated separately without excessive loss of information

efficiency.

"Confounding1* is a term that is widely used in epidemiology

and other observational sciences. Confounding occurs when some

third variable or factor is related both to the outcome or

response being studied—in this case, childhood blood lead—and to

the nominal cause of the outcome, such as lead in soil. As noted

in U.S. EPA's "Preliminary Assessment1* of October 1994, several

factors appear to match the decline in mean blood lead with

increasflB&istance from the NL/Taracorp smelter, including

decreâ ^̂ Boil' lead and dust lead, decreasing housing age and

deteriô l̂ Rn, increasing parental education and income. These

are potential confounding factors.

The most certain way to avoid confounding is to prevent it

from happening by designing the study so that possible confounded

relationships in the lead-exposed group have at least one

corresponding control group without the hypothetical confounding.
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In the case of the Madison County study, that would have required

identifyi*% a similar community in which there is a gradient of

factorŝ tatti as age of housing, building condition, lead-based
^̂ ^̂ ^̂ S/~paint, eSmicity, income and education with increasing distance

from a centrally-located industrial facility, but with no lead-

emitting sources that cause elevated levels of lead in soil.

There may be many communities of about the same size with

substantial points of similarity that may fit this description.

The nearby community of Pontoon Beach, Illinois (discussed in the

IEHR/IDPH report) may not have been an-adequate control group,

but it appears that little effort was made to identify any other

appropriate community. The design of the IDPH study therefore

precluded an easy solution to the confounding problem.

The IEHR/IDPH report and the response by Dr. LeVois then

attempt to justify exclusion of related exposure variables from

statistical analyses such as multiple regression. This is najfe,

properly, an example of confounding, since soil lead, paint, dust

lead concentration, and dust lead loading are simply steps on a

causal pathway from source terms (soil, paint) through an

intermediate medium (dust) to the child. The existence of this

pathway as an important pathway, usually the most important

exposure pathway for most children, has been established using a

variety of scientific approaches (see discussion below in

Technical Appendix A), and has not been disputed by scientific

experts. Use of different components of an exposure pathway is

discussed in standard epidemiology texts, such as Modern

Epidemiology by K. Rothman (1986). However, neither the

lEHR/IlflHipok-t nor Dr. LeVois's response appear to have

quantî ^̂ ply evaluated the extent of the "confounding" they

claim rtr^raf in the Madison County study.

Confounding is a potential problem in this study. Is the

problem real? The U.S. Environmental Protection Agency has

evaluated quantitatively the amount of confounding, to the extent

that it can be defined internally from the data in the study, in

the attached Technical Appendix. There are several methods for
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assessing the consequences of confounding on inferences about
relationships between blood lead and other factors. In multiple
linear rgMttssion models such as used in the IEHR/IDPH report and

in some ̂ HWJ.S. EPA's analyses, one technical consequence of

confounding is a high degree of collinearity among the predictor
variables in the relationship. An example of a perfectly
collinear relationship is that between the logarithms of dust
lead concentration, dust lead loading, and total dust loading.
That relationship is given by:

• log(dust lead loading) = log(dust lead concentration) +
log(total dust loading) - log(lOOO)

where the factor of 1000 arises from combining dust lead loading
measured in units of ug Pb/sq.m. and dust lead concentration in

* J

units of ug Pb/g dust with dust loading in units of mg dust/sq.m.
The amount of collinearity and the components of a collinear
relationship are easily identified by a principal components
analysis of the correlation matrix of predictor variables (D.
Belsley, E. Kuh, and R. Welsch, degression Diagnostics, 1981).
In fact, almost any statistical software package that is
currently available, including SAS and SYSTAT as used by U.S. EPA
and by the writers of the IEHR/IDPH report, contains a great
variety of regression diagnostic indicators of collinearity. The
authors of the IEHR/IDPH reports and subsequent reports must have
not used these diagnostics. The collinearity diagnostics among
the 30 most plausible predictors have shown that collinearity as
a serioiflĤ bblen only occurs under four conditions:

1. When̂ Ĥ logarithms of dust lead loading, dust lead
concentration, and total dust loading are all used in a
regression model, there is a perfect collinearity as shown
above;

2. The shifted logarithm of the variable CXRFIAV, the mean of
the product of paint condition and XRF lead loading on
interior surfaces, is highly correlated with the logarithm of
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the mean XRF, and using both in a regression model causes a
loss of information efficiency;

3. AGE ̂ Highly correlated with AGE squared, and using both in
^^s less desirable than using other variables for age

and

4. there is a fairly strong correlation between soil lead and
distance from the NL/Taracorp lead smelter, with the
geometric mean soil lead within each distance ring being
nearly inversely proportional to the distance of the ring
from the NL/Taracorp smelter. This last result may be
written in the form

• soil lead = (constant) / (distance from NL)

or, taking logarithms on both sides of this equation

• log(soil lead) = log(constant) - log(distance) -

which is a fairly strong collinearity. The value of the consent

is estimated as about 1300 ppm. If these combinations are

avoided, then there are no severe collinearities and the effects

of most other predictors or covariates can be estimated

separately in joint regressions with only a modest degree of

variance inflation.

Household covariates are responsible for part of the

variation in blood lead, and including demographic covariates

such as race or ethnicity, parental education or home ownership

in a model will generally reduce the unexplained variance in

blood lead. These variables are not so highly correlated with

soil lê BMSwever, and are therefore weak confounders of the

AlmSlMI'l Statistical modelling procedures in statistical

packages currently available can generate the estimates of the

correlations among the regression coefficients. The linear

regression models can generate exact correlation coefficients

even for small samples. Large-sample correlation coefficients

among the regression coefficients were calculated for nonlinear
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regression models, linear and nonlinear structural equation
models oM|puation systems; with sample sizes of 360 to 450
childreî BBa the analyses, these correlation coefficients are

valid. ĤSfcodels U.S. EPA tested, the correlations of the blood
lead regression coefficient estimates were not close to 1 in.
magnitude even when ostensibly correlated covariates such as
log(dust lead loading) and log(soil lead) were both used as
predictors of log(blood lead). Similarly low values of the

correlation of regression coefficients for most other factors
were found, as noted above. Therefore, .the regression
coefficients for different predictive factors have only a modest
degree of overlap, and the statistical models are generally
capable of sorting out the effects of different factors. The
only consistent exception appeared to involve soil lead and
distance from the NL/Taracorp lead smelter; including one of ^
these variables generally left the other variable statistically

non-significant. Even when dust lead loading was used in the $.

regression models as a predictor for blood lead, the soil lead
coefficient was statistically significant or marginally
significant in all of the models described below.

Apart from the four conditions to be avoided in models,
labelled (i)-(iv) above, no other serious collinearity was noted.
However, there was a moderate degree of collinearity combining
the logarithms of soil lead concentration , distance, and the
number of cigarettes smoked per day in the household. The latter
variable is likely to be a surrogate for other sociodemographic
factors. Exterior lead paint and building condition also played a

n* this component. As U.S. EPA noted earlier,
paint and distance from the NL/Taracorp smelter are

good p r r o r s of soil lead. When soil lead is used as a
predictor ..for dust lead, there is little additional information
that distance can give about dust lead since soil lead and

distance are fairly strongly correlated.
In a non-technical sense, there is only a slight to moderate

amount of confounding that can modify the relationship between
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soil lead and blood lead. For example, there is only relatively
modest fMfounding with dust lead. Within each distance or ring,

there î Jpfme variation in soil lead concentrations. However,
for an̂ Wfil lead concentration, there are housing units with
both lower and higher dust lead concentrations and children with
both lower and higher blood leads. Therefore, the interfering
effects of dust lead differences (using dust lead as the closest
environmental predictor of blood lead on the indirect exposure
pathway from soil lead to blood lead) can be minimized.
Likewise, sociodemographic factors or building condition are not
strongly related to both blood lead and soil lead.

Finally, U.S. EPA notes that there is one additional test of
potential confounding effects, and in many applications R.M.
Mickey and S. Greenland ("The Impact of Confounder Selection
Criteria on Effect Estimation", American Journal of Epidemiology,
Vol. 129, No. 1, 1989, pp. 125 to 137) have shown that this ||
method is one of the best tests (although not foolproof). Tn£
method is to carry out the analyses with and without the
potential confounding factor included in the model, and to
determine whether or not the estimated effect sizes are
substantially different. The IEHR/IDPH report carried out a
somewhat similar method in the "hierarchical analysis" whose
results were shown in Table 11 of their report, but as U.S. EPA
will show in the next section, their approach is incomplete and
highly misleading.

In summary, extensive diagnostic analyses of a variety of
statistical models find that confounding is a worrisome but not
insurm̂ BHSble problem in estimating separate effects of lead in
soil, |̂ |Kand'paint. Careful analyses of the Madison County
data ŝ HKr adequately characterize the typical contributions of
lead in paint to soil, the contributions of leads in soil and
paint to lead in household dust, and the separate contributions

of soil lead and dust lead to blood lead.
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3.2 Hie^Mphical Tests of Environmental Lead Variables
TjMpEHR/IDPH report argues that soil lead is an

inadequaHsB^redictor of blood lead, since adding soil lead to
other predictors in a linear regression model increases the
coefficient of determination or squared multiple correlation
(denoted R-squared) by only 3*. They further argued that it was
not appropriate to also include dust lead in the model since dust
lead and soil lead are confounded as predictors of blood lead.
The U.S. Environmental Protection Agency's analyses have found
the following results:

1. Using the same base model as in the IEHR/IOPH report,
inclusion of soil lead in a linear regression model greatly
reduces the statistical significance of modifying factors
such as building condition, with soil lead being the most ̂
important or second most important predictor of blood lea<Jj in
the models; ?f'

*2. When lead paint is tested in the same way as soil lead, lead
paint makes a completely insignificant contribution to blood
lead, so that applying the same fallacious approach as used
in the IEHR/IDPH report would completely dismiss lead paint
as a factor in child blood lead;

3. The use of imputed building condition as done in the
IEHR/IOPH report provides the least predictive baseline model
for hierarchical models among several approaches to the
problem of missing values of exterior building condition;

4. The use of dust lead loading nearly doubles the amount of
variance in log (blood lead) that is predicted by the
regression model, but soil lead makes an additional
statistically significant contribution to blood lead over and

.of dust lead, without substantially changing the
effect of dust lead, which suggests that
g of soil lead or dust lead effects on blood lead

is ta- but not excessive; and

5. The estimated effects of dust lead are somewhat exaggerated
because 'of the high influence of a few houses with extremely
elevated dust lead concentrations (greater than about 8,000
to 10,000 ppm— see next section), but similar estimates are
obtained even when the data set is restricted to dust lead
concentrations below 1000 ppm.
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In order to explain these ideas, some use of mathematical

expressĵ uĵ will be helpful. The baseline model used in the

"hierarflB&l analysis" in the IEHR/IDPH report may be written in

• baseline log(blood lead) = BO + BW log(water lead) + BXI

log(CXRFIAV+l) + BXO log(CXRFOAV) + BCOND * BLDCONIM -I- BREF *

REFINISH

where

• CXRFIAV » average product of interior lead paint XRF and

interior surface condition,

• CXRFOAV - average product of exterior lead paint XRF and

exterior surface condition,

• BLDCONIM -.exterior building condition (1,2, or 3) if not E

missing, 1.389 if missing, g

• REFINISH » 1 if recent paint refinishing or remodelling, 0

otherwise.

BO, BW, BXI, BXO, BCOND, BREF are regression coefficients to be

fitted to data.

The hierarchical model in the IEHR/IDPH report is given by:

• log(blood lead) * baseline model + BS * log(soil lead).

In order to evaluate this model, U.S. EPA carried out several

These included: (1) also using only observed

as a predictor, or building condition in which

were imputed by the mean condition in the distance

ring; (21 also truncating the data set to dust lead

concentrations less than 3,000 or 1,000 ppm; and (3) also testing

dust lead concentration and dust lead loading as predictors, with

models:
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• log(blood lead) - baseline model + BDC log(dust lead
concenflBpion)

• log (bflHBf lead) - baseline model + BDL log (dust lead loading)

and

• log(blood lead) = baseline model + BDL log(dust lead loading) +

BS log(soil lead).

The results are shown in Tables 8a-8d, omitting results for dust

lead concentration. Dust lead concentration was more predictive

than soil lead, but less predictive than dust lead loading.

Predictiveness of a multiple regression model will here be

characterized by the squared multiple correlation coefficient,

denoted R-squared. Other measures such as the "adjusted" R- «

square may also be used, but the unadjusted R-square has the Ifost

direct interpretation as the fraction of variance in Iog(bloo4

lead) that is attributable to the linear predictor variables.

The least predictive baseline model was the one used in the

IEHR/IDPH report (R-square between 0.029 and 0.051) , whereas the

baseline models using only observed building condition with no

imputation (N = 387) were about as predictive (R-square from

0.098 to 0.128) as the models with building condition imputed by

distance (N = 441, R-square from 0.104 to 0.133). The U.S.

Environmental Protection Agency next observes that including soil

lead increased R-square by only about 0.03 to 0.04 over the

baseline model, as noted in the IEHR/IDPH report. However,

'lead loading nearly doubled R-square, increasing

0.08 to 0.14. Thus, dust lead loading is by

far themMC important environmental lead predictor of blood

lead.

The U.S. EPA finally notes that the regression coefficients

in the model with both dust lead loading and soil lead are

somewhat different than in the models that included either dust

lead alone or soil lead alone, but that all coefficients were
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statistically significant and had the correct sign for a causal

relatiort(̂ p>. When dust lead was included in the model, the soil

lead rê HBion coefficient was roughly halved, although still

statistMlfft.y significant or marginally significant (one-tailed P

< 0.10). The regression coefficient for log(dust lead loading)

decreased slightly when soil lead was included in the model, but

remained highly significant. While this demonstrates that there

is some degree of confounding between soil lead and dust lead,

the estimated effect of dust lead is largely insensitive to the

inclusion of soil lead. The fact that-the estimated soil lead

effect is greatly reduced by including dust lead in the model

strongly suggests that dust lead is the "proximate1* predictor on

the pathway from soil lead to blood lead. Of course, this has

been established in many other studies.

A noteworthy fallacy exists in the use of the particular £

hierarchical regression model in the IEHR/IDPH report which ijf

that both soil lead and interior lead-based paint are significant

predictors of dust lead. Forcing interior lead paint (CXRFIAV)

into the model before testing soil lead or dust lead has already

biased the conclusions, since part of the predictive power of

dust lead on blood lead has already been stolen (so to speak) by

lead paint. Likewise, since exterior lead paint is a significant

component of soil lead, forcing exterior lead paint into the

model before soil lead is included has already biased the results

towards a lower estimate of the effect of soil lead on blood

lead, even if there were no other confounding factors. This can

be demonstrated by comparing the "sub-baseline11 model

ead) - BO + BW log(water lead) + BCOND (building

+ BREF (REFINISH)

with the baseline model, as shown in Table 9. Neither the sub-
baseline nor the baseline model is very predictive (R-squared for
sub-baseline models range from 0.033 to 0.125), but the
predictiveness of the sub-baseline model is improved much more by
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the inclusion of soil lead (increases in R-squared range from
0.024 tcflBB59) than by the inclusion of both interior and
exterioiSMpd-based paint (increases in R-squared range from -
0.002 tpo.'0!8) . Dust lead loading produces an even larger
effect than soil lead (increases in R-squared range from 0.09 to
0.18). By the same reasoning as used in the IEHR/IDPH report,
lead paint should be a much less important source of blood lead
than is soil lead. In reality, soil lead and lead paint are the
most important primary sources of environmental lead, acting
mainly through the indirect dust exposure pathway. While U.S.
EPA does not completely endorse the use of hierarchical
regression models to evaluate potential confounding effects, it
is clear that the IEHR/IDPH report derived incorrect conclusions
about the relative importance of blood lead sources from a biased
and inadequate application of this approach, and that almost 4fhy
reasonable alternative approach would quickly have shown the S'
relative importance of dust lead as the "proximate" predictor Tor
soil lead and lead paint.

The same conclusions apply even when a much better baseline
model is used. Based on other studies such as those reviewed in
the Air Lead Criteria Document (U.S. Environmental Protection
Agency, 1986), U.S. EPA has added child age and race as
additional factors in the better baseline model. Age has a
nonlinear effect on-blood lead. Rather than use a parametric
model for which there is no theoretical basis, U.S. EPA has
converted age into a set of categorical variables. The reference

group is children < 12 months of age who probably have very
little ̂ HRexposure, and whose dust exposure is largely limited
to post̂ M̂fcth crawling behavior. The other categories are
coded as binary variables with AGE1 » 1 if the child is 12 to 23
months of age, AGE2 - 1 if age 24 to 35 months, AGE3 = 1 if age
36 to 47 months, AGE4P »1 if age 48 months or older, and - 0
otherwise for each age indicator. The age groups at 1, 2, and 3
years have significantly higher blood lead concentrations. The
U.S. EPA has used BLACK as an indicator for Afro-American racial
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status in the family interview, since this is by far the largest

ethnic ô p̂ cial subpopulation in the study. The non-BLACK group
is primJ|Bir white, with only 9 Asian, Pacific Islander, or

Native OTerican children in the sample. African-American
children had significantly higher blood leads (at least 30

percent higher) in all of the models, everything else being
equal.

The results are shown in Tables lOa-lOc and Table 11. The
new baseline model has a much larger R-square, about 0.21.

Adding soil lead still increases R-square by only 0.03 to 0.05,
but including dust lead increases R-square by about 0.08 to 0.12.
Including soil lead in the model reduces the dust lead loading

regression coefficient slightly, from about 0.14 to about 0.12,
and including dust lead in the model reduces the estimated soil
lead regression coefficient from about 0.18 to about 0.10. Iffe
spite of the confounding shown by the decrease of the soil leijcl
regression coefficient when dust lead is included in the models,
the soil lead coefficients are statistically significant until

the data set is truncated at dust lead concentrations of 1000
ppm. Even with restriction of the data to 1000 ppm dust lead,
the soil lead coefficient remains marginally significant in spite
of losing many cases with high soil lead concentrations from the

restricted data set. Dust lead and child age are the most

significant predictors of blood lead in all of these models, and
lead paint is always an insignificant direct predictor of blood.

3.3 Î B̂Xouhding May B« Introduced by Non-standard Soil and

tup ling Protocols
be some concerns about the soil and dust sampling

protocols ..that need to be examined. Many other environmental
lead studies U.S. EPA has examined include drip-line or house
perimeter samples among the soil samples that are composited to
obtain a single soil lead concentration that characterizes the
yard. The Madison County study used composites of 10 soil
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sampling locations within a residential yard. NO soil samples

were ta)c«p*ithin the dripline of the housing unit. It is

therefod^^Bssible that higher soil lead concentrations would

have beeffwtained had the sampling been done so as to include

some dripline samples, since dripline samples are more likely to

be contaminated by exterior lead-based paint than soils further

away from the house. This may explain the low (albeit

statistically significant) relationship between exterior lead

paint and yard soil. This suggests that lead paint makes a minor

contribution to mid-yard soil, but may present a distorted

estimate of the risk to a child who resides there, since the

child will generally have access to contaminated yard soil within

the dripline.

There may be a converse problem with the dust samples. Many

other environmental lead studies included residential dust ^

samples collected by vacuum from floor areas. The dust samplijs

are composited and sieved to obtain a single house dust lead H

concentration (and dust lead loading) that characterizes the

child's exposure to fine dust particles that can adhere to the

child's hands, and may contaminate the child's food during

preparation and consumption. The Madison County study used

composite dust samples that were much larger than other studies,

typically 3 to 5 g for Madison County residences, and may

therefore have required sampling at locations within a residence

that would not have been included in other studies. Dust samples

collected in the Madison County may have included components

collected on window sills or in other locations where one might

expect tfHKcoilnter large paint chips, and even though these

paint cf̂ HEvQuld have been removed during the laboratory

^̂ ^̂ K̂analysî V̂re dust lead concentrations in the fine dust particles

and in the. larger debris were recomposited mathematically. There

may then be some additional confounding between dust lead and

interior lead-based paint based on this mathematical

recompositing.
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3.4 Components In a Causal Pathway can Give the Appearance«Confounding

arance of confounding may arise from the use of both
d dust lead as predictors for blood lead, since they

are components on a common causal pathway from soil lead to blood
lead. Inferring causality from empirical evidence is a basic
issue in all of the observational sciences, not least of all in
epidemiology. The causal relationships relating blood lead to
environmental lead have been very clearly established by other
scientific techniques. Longitudinal studies provide an excellent
experimental basis for concluding that changes in soil lead and
dust lead concentrations in the environment can produce changes
in child blood lead. Reductions in environmental lead exposure
leading to reductions in child blood lead may include dust
removal (Charney et al. 1983) or combined soil and dust removal
(Weitzmann et al. 1993; Aschengrau et al. 1994), where cause ji
(change in environmental lead) clearly precedes effect (greater
reduction in blood lead occurs in soil removal group than in
control group). Mass balance calculations, and source
identification using stable lead isotope methods, also
demonstrate that there is a causal pathway among environmental
variables, with exterior lead paint and deposition of airborne
lead contributing to lead in soil, and with lead in soil,
interior lead-based paint, and deposition of airborne particles
contributing to lead in household dust. Thus, lead in soil can
contribute to child blood directly, when the child ingests
surface soil or exterior dust particles, and indirectly, when the
child iMMtcP household dust to which soil has contributed some

^̂ BK*.
lead. ^̂ K̂lead cannot be considered merely a confounding factor

in asse(9HB-the relationship between blood lead and soil lead.
A standard epidemiology text (K. Rothman, Modern

Epidemiology, 1986, p. 94) is quite clear on this point: "A
confounding variable must not be an intermediate step in the
causal pathway between exposure and disease [elevated blood lead
in this case]. This criterion requires information outside the
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The investigator must decide whether the causal mechanism

llow from exposure to disease would include the

confounding factor as an intermediate step. If so,

the varJOfc i* not a confounder."

The use of the "hierarchical regression model" in the

IEHR/IDPH report (Table 11 of that report) without assessing the

role of dust lead is therefore an extremely serious conceptual

error in drawing valid scientific inferences from the IDPH

Madison County study. The U.S. EPA finds that both dust lead and

soil lead play a role in childhood lead exposure, but not the

same role. Hierarchical regression models can be applied in

circumstances where there is a clear separation between the extra

variable being tested, and the variables that have already been

used in the preceding model as predictors of blood lead. A

correct application of hierarchical regression modelling is given

in EPA's Air Quality Criteria for Lead, 1986. A mathematical^
r*»

model for predicting child blood lead was developed based on $ie

National Health and Nutrition Examination Survey (NHANES II) for

the 1976 to 1980 period. It was then shown that, after all other

terms had been included in the model, reductions in blood lead

during this period of time could be well predicted using the

corresponding changes in leaded gasoline. It was also shown that

this conclusion was not confounded with changes in other

variables over time, including the amount of lead used in lead-

soldered food cans. Preliminary analyses showed that the leaded

gasoline time series shared relatively little variance with other

predictors so that it was appropriate to test leaded gasoline

after â BMjlminary model had been developed using other

variablĴ Brchjft application of hierarchical modelling to estimate

the effwMr soil lead on blood lead Madison County study in the

IEHR/IDPH report is clearly different from this, since their

analysis excludes the "proximate" predictor, dust lead. Several

more appropriate methods are available, as was demonstrated in

Section 3.2 of this report.
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REGRESSION MODELS FOR EVALUATING RELATIONSHIPS AMONG BLOOD

LEAD, PAINT LEAD, SOIL LEAD, AND DISTANCE FROM THE

LEAD SMELTER

4.1 £gltroduction

Because of the complex interrelationships among the variables

in the Madison County study, simple bivariate models and

bivariate correlation coefficients cannot sort out the relative

contributions of several covarying factors. Several multivariate

procedures were used in U.S. EPA's analyses, including linear and

nonlinear regression models, as well as structural equation

models.(abbreviated SEM) described in Section 5. Sections 4.2

and 4.3 assess the relationships among lead in several

environmental media, with particular reference to location of the

child's residence relative to the NL/Taracorp lead smelter.

Section 4.3 describes several regression approaches for relating

blood lead to environmental lead. |f

i
4.2 The Relationship of Blood Lead and Environmental Lead to
Distance From the Smelter

The U.S. EPA focussed on the relationship of blood lead, dust
lead, and soil lead as a function of distance from the
NL/Taracorp smelter because distance is the only information in
the data set provided to U.S. EPA that is specifically relevant
to the location of most of the proposed soil remediation. The
IDPH study covered most of Madison County, a much larger area
than Granite City. In fact, there is no way of identifying
which children in the IDPH data set provided to U.S. EPA actually
live iflMKnite City, or in Madison, or in Venice, or in Eagle
Park Â ^̂ K These children may have lead exposure sources
causirifHĤ ated blood lead concentrations, but the sources are
quantitatively different in different locations, and will almost
certainly require different remedial strategies depending on the
properties of the primary lead sources. The remedial approaches
may depend on whether the most important source of exposure is
soil near the NL/Taracorp lead smelter, or battery casings and
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other waste material from the pile at isolated locations further
away frSPJhe NL/Taracorp lead smelter, such as Venice or Eagle

Park AcflK
Fromthis point of view, the IEHR report on the IDPH study is

not useful since it is not related to any specific part of -
Madison County, much less to identifiable sources of exposure.
The U.S. EPA's reanalyses attempt to adjust for these serious
omissions of the IEHR/IDPH report, but U.S. EPA has not been
given the data that will allow U.S. EPA to reanalyze the study in
the way that is most relevant to remediation.

There are statements in the IEHR/IDPH report implying that
the study area has an overall incidence of elevated blood lead
that is not remarkably high compared to other urban areas. This
argument is based on fallacious reasoning. Statistical dilution
(as practiced in the IEHR/IDPH report) is not the solution tofj
lead pollution. There is a clear indication that the incidence of

^elevated blood lead concentrations is much higher near the
NL/Taracorp lead smelter. The U.S. EPA's May 23 memo, based on
the map in Figure l of the IEHR/IDPH report, shows a much higher
incidence of elevated blood lead near the NL/Taracorp smelter and
in the "downwind" direction, about 26 percent of households with
at least one child with elevated blood lead as opposed to 13
percent in the urbanized areas farther from the NL/Taracorp
smelter, and 7 percent of households in a less urbanized area.
EPA has not been given access to the data that would allow U.S.
EPA to count the number of children with elevated blood lead in
each area. The data that were sent to U.S. HPA showed a very

M̂£* •definî ^̂ Kdient of elevated blood leads with distance from the
NL/Tar̂ |̂Klead smelter, with the highest percentage of children
within rings 4 or 5 (distance of about 1/2 to 5/8 mile from the
NL/Taracorp .lead smelter). There clearly are childhood lead
exposure problems that are localized in the area near the
NL/Taracorp lead smelter. Averaging the lead exposure areas with
the rest of Madison County conceals the existence of localized
high lead exposures near the NL/Taracorp lead smelter.

41



The U.S. EPA has also evaluated the role of location (as
measured]^*distance from NL) as a potential confounding factor.
At any flw1 location (ring or group of adjacent rings
surrounlHp the NL/Taracorp lead smelter), there are some houses
with higher levels and some with lower levels of almost any other
measured variable in the study: dust lead, paint lead, parental
education and income. Of all the variables in the study, none is
seriously confounded with distance from the NL/Taracorp lead
smelter except for soil lead concentration. The range of soil
lead concentrations in any ring is relatively small, so that soil
lead and distance are relatively highly correlated with each
other. The average soil lead in each ring is very nearly
inversely proportional to the distance of the ring from the

smelter. In this regard, the soil lead distribution around the
NL/Taracorp lead smelter looks very similar to every other lead
smelter community U.S. EPA has studied. This does not by itsMlf
prove that the smelter was the primary source of the lead in ̂
soil. However, the Illinois EPA report of 1983 (IEPA, 1983)
demonstrates a combination of soil lead concentration isopleths
with elevated air lead concentrations observed near the
NL/Taracorp lead smelter when the smelter was operating in the
1970's and early 1980's that leaves little doubt that much of the
soil lead was deposited from airborne particles emitted by the
smelter, and possibly to a much lesser extent by other nearby
particle sources. Since elevated concentrations of lead are
highly persistent in undisturbed soils, current high levels of
soil lead largely reflect these historic deposits.

Hov̂ Hfep U%S. EPA has analyzed the relationship between soil
lead *4fllP only other plausible source of elevated lead
concennVHih in residential yard soils, deteriorating exterior
Iead-base4 paint. The U.S. EPA found that there was a consistent

contribution of exterior lead-based paint to soil that was
approximately the same at any distance from the NL/Taracorp lead
smelter. Similar results were obtained by several different
analytical methods (linear and non-linear regression, structural
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equations modelling). The condition of the building was used as
a covaritfpVln many of the analyses, as were other
sociodenMBpphic variables, and their interactions were tested.

When the'lSscimated contribution of exterior-lead-based paint and
building condition were subtracted from the observed soil lead
concentration, there remained a large positive fraction of soil

lead at most residences that was not explained by lead paint or
by building condition. This component could be reasonably
attributed to historical deposition of airborne particles emitted
by the smelter and dust particles blown off the NL/Taracorp lead
smelter. Neither the building condition nor the background term
were ever statistically significant. The best-fitting model
(smallest residual variance) was a very simple linear model,
fitted in log form:

Soil lead concentration = (1333 / distance) + 7.79 CXRFOÂ .
where distance * ring number 1 through 10, and where CXRFOAV |s
the average of the exterior XRF lead paint loading times the 3
exterior paint condition. Since CXRFOAV never exceeded 62.3, and
was usually much smaller, the typical exterior lead paint
contribution to lead in residential yard soil was always less
than 500 ppm, usually much less. The remaining term, which
depended on the inverse of the distance from the NL/Taracorp lead
smelter, was dominant near the NL/Taracorp lead smelter.
Estimates of a non-zero intercept or background soil lead
concentration were either very small or negative, and was so
insignificant tha,t the goodness of fit of the model was reduced
negligibly by omitting the background term. There was little
evidencV^EFcohfounding between distance and exterior paint. The
U.S. Ê ĤKcludes that most of the lead in soil near the
NL/Tarac^rpiead smelter must be attributed to some processes by
which lead is transported from the smelter to the surrounding
yards. This implies that much of lead in soil near the
NL/Taracorp lead smelter will have properties similar to those of
other former smelter communities U.S. EPA has studied: high

bioavailability and ready transport from surface soil into the
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household dust.

The t̂fS SOJne relativelY hi(3n soil lead concentrations far
away fr̂ fiie NL/Taracorp lead smelter, attributable to lead
paint ô p. other sources such as use of waste materials for fill
or for street repair. These locations cannot be confirmed since
IDPH has not provided U.S. EPA with any information about the
location of these residences. It is likely that these few
exceptional cases (4 out of 351 units) are found in places such
as Venice Township or Eagle Park Acres.

4.3 Sources of Lead In Household Dust
Most lead experts agree that household dust is a very

important medium for childhood lead exposure, and is likely the
primary exposure pathway for lead in soil and for lead in
interior lead-based paint. Ingestion of exterior dust from s«Ll
is a direct exposure pathway to soil lead that may be nearly £6
important as the indirect pathway from soil through household a

dust. Direct ingestion of large flakes or chips of deteriorating
interior lead paint can have catastrophic consequences when it
occurs, but it would appear that ingestion of large paint chips
is a highly unusual circumstance in Granite City. Most children
are likely to obtain most of their interior lead paint intake
from ingestion of fine particles adhering to the child's hands
during normal activities on floor, carpets, or furniture
contaminated by lead dusts, with paint as only one of the lesser
sources contributing to house dust, compared to track-in of soil
and deposition of airborne particles.

been many assertions that most of the lead in
is- attributable to interior lead paint. The U.S.

EPA's a n q l t point in a very different direction. In fact,
even Table 12 in the IEHR/IDPH report, for all its faults, finds
that lead in soil and lead in paint make contributions that are
nearly equal in statistical significance. The U.S. EPA analyses

suggest that the estimated contribution of soil to dust is
greater near than NL/Taracorp lead smelter than is the estimated
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contribution of interior lead-based paint because the soil lead
concentflMftons near the smelter are very high compared to soil
lead cAHKtrations, whereas the interior lead paint hazard index
near tlSWRte is only moderately higher than it is farther away.
This will be demonstrated quantitatively using multiple
regression methods.

The U.S. EPA has analyzed the relationship between dust lead
and the only other plausible source of elevated lead

concentration in household dusts, deteriorating interior lead-
i •

based paint. The U.S. EPA found that there was a consistent
contribution of interior lead-based paint to dust that was
approximately the same at any distance from the NL/Taracorp lead
smelter. Similar results were obtained by several different
analytical methods (linear and non-linear regression, structural
equations modelling) . The condition of the building was usesj as
a covariate in many of the analyses, as were other |r.
sociodemographic variables, and their interactions were tested.
When the estimated contribution of interior-lead-based paint and
building condition were subtracted from the observed dust lead
concentration, there remained a large positive fraction of dust
lead at most residences that was not explained by lead paint or
by building condition. This component could be reasonably
attributed to lead in yard soil that was transported into the
house. The yard soil contained lead from the smelter or waste
pile, along with some exterior lead paint particles. Both soil
lead and deteriorating interior lead paint were highly
significant predictors of dust lead concentration. The building
condiltflB£as> a statistically significant predictor of household
dust Î BKn most of the models U.S. EPA tested, but much less

^̂ EEsignirrBlnr: than the soil or paint "source" terms. The
background tern was positive but not statistically significant in
most models U.S. EPA tested. The best-fitting model (smallest
residual variance) was a very simple linear model, fitted in log
form:
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• Dust lead concentration = (0.385 Soil lead) + 94.5 CXRFIAV +

(82.7̂ JHlding condition)

where building condition was coded 1 through 3, and where CXRFIAV

is the average of the interior XRF lead paint loading times.the

interior paint condition. Since CXRFIAV never exceeded 39.4, and

was usually much smaller, the lead paint contribution to

household dust was often small, but sometimes large. The U.S.

EPA also tested distance from the NL/Taracorp lead smelter as a

covariate. When distance was included- in the model, distance had

a statistically insignificant effect on dust lead, apart from its

relationship to physically meaningful source terms such as soil

lead and interior paint lead, and to building condition as a

modifier of effect. In fact, interactions of building condition

with soil lead or with distance were also not statistically

significant. Interactions of building condition and interio

lead paint with distance were marginally significant in some

models The U.S. EPA tested.

The U.S. EPA used the prediction equation for lead in

household dust to estimate the fraction of dust that was

attributable to soil at each house:

• Soil fraction * (0.385 Soil lead) / (Predicted dust lead

concentration)

• Paint fraction - (94.5 CXRFIAV) /(Predicted dust lead

concentration)

4Kr
th«9Ĥ

is the dominant contributor to lead in household dust

in t h e p closest to the NL/Taracorp lead smelter. The

estimated contribution of soil lead to household dust lead is

generally much larger than the paint contribution in rings 1

through 4 or 5, and on average comparable further away from the

NL/Taracorp lead smelter. If most of the lead in house dust near

the former smelter is derived from lead in soil, and lead in soil

near the NL/Taracorp lead smelter was derived from historic
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smelter emissions, then much of lead in dust near the NL/Taracorp
smelter ̂ MPld also have properties similar to those of other
former sflKer communities U.S. EPA has studied: high
bioavaiHHMrLity and ready transport from household surfaces into
the child's mouth.

One way to visualize the relative importance of lead in soil is
shown in Figure 22. The estimated contribution of soil lead to
household dust lead is generally much larger than the paint
contribution in rings 1 through 4 or 5, and on average comparable
further away from the NL/Taracorp lead-smelter.
Here, the percentage of housing units for which the estimated

soil lead fraction of house dust lead is greater than the
estimated paint lead fraction of house dust lead is plotted.
Note that this decreases from a maximum near the NL/Taracorp lead
smelter at ring 1 to a minimum at ring 9, but is greater than^SO
percent from rings 1 through 8. (See Map 1 for locations). 1^
other words, lead from soil appears to make a greater ^
contribution to household dust lead than does interior lead paint
in the majority of houses within about one mile of the
NL/Taracorp lead smelter.

4.4 Specification of Regression Models For Blood Lead

The statistical models that are most easily fitted using linear
regression programs are linear in log-transformed variables:

Model 1:
log.(blood lead) * constant + a log (soil lead) + b

lust lead loading) + etc

UnfortuHilWy; when used to predict blood lead concentrations,
this model is intrinsically multiplicative and nonlinear,
implying that the predicted blood concentration is:

• blood lead =• exp (constant) (soil lead)* (dust lead loading)*
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exp (etc.).

Since l̂ K̂tptake from the environment is believed to be nearly
linear Ŵ lfew to moderate intake rates or exposure
concentrations, a more plausible biological model is an additive
model:

Model 2:

blood lead =• constant + A (soil lead) + B (dust lead

loading) + etc.

For statistical purposes, Model 2 is best fitted in log-

transformed form which is intrinsically nonlinear in the

regression parameters A and B. The parameters A and B are slope

factors of the form ug/dl blood lead per ug/g soil lead or per

ug/g dust lead, whereas the parameters a and b are dimensioning

"elasticities" of the form of percent change in blood lead peaf 1

percent change in soil lead or dust lead respectively. The

logarithmic form of Model 2 for statistical estimation is:

• log(blood lead) * log(constant + A (soil lead) + B (dust lead

loading) + etc.).

These parameters can be estimated using standard iteratively

reweighted least squares programs for nonlinear regression.

These methods have been discussed in (U.S. Environmental

Protection Agency 1986, 1989a; Angle et al. 1984).

4.S Ŝ Hbe Models for the Logarithm of Blood Lead (Model l)

fitting Model 1 using a variety of stepwise

mode11ing^approaches is shown in Table 12. Values of R-squared

of about 0.37 for the logarithm of blood lead can be achieved

with any of several parsimonious models, including models with

both log(soil lead) and log(dust lead loading) or log(dust lead

concentration) as statistically significant predictors.
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Results in Table 12 are characterized by the partial
regressiJPRoefficient b between the variable and log (blood
lead), ̂ IR>y the significance level P of the coefficient (two-
tailed; nSlf as large when one-tailed tests are appropriate).
The lead paint variables LOGCXI and LOGCXO were never retained in
stepwise models that included dust lead. This is not to deny
that deteriorating lead-based paint is not a potential source of
lead exposure, but rather to emphasize that dust lead, as loading
or concentration, are almost always better predictors. In the
sense of a causal pathway model, U.S. EPA may infer that dust
lead is a more proximate source/pathway of childhood lead
exposure than is lead-based paint.

In the forward stepwise selection model that excluded
DISTANCE as a predictor, the logarithm of the mean of all XRF
measurements, LOGXRFMN, was marginally significant (P - 0.049A).

si
While water lead concentration was well down on the list of |f

suspected major sources, there was a detectable statistically^
significant relationship between log(blood lead) and LOGPBW (P
between 0.00180 and 0.0127, b between 0.0460 and 0.0561), and
between log(blood lead) and REFINISH (P between 0.00107 and
0.00386, b between 0.147 and 0.178)in all of the stepwise models
shown here. While building condition was included in all three
of these models, with P between 0.0158 and 0.0417, it was not
ever as highly significant as suggested in the IDPH report, once
the set of predictor variables to be tested included the
confounders and covariates identified in Sections 3 and 4. Total
dust loading in the house was not selected as a predictor in any
of thê ^̂ Bels, nor in most of the models shown in Table 12.
Parent̂ ^̂ Hcation remained a significant and relatively stable
predictor of blood lead, P between 0.0119 and 0.0184, and with a
stable regression coefficient b between -0.0387 and -0.0424. The
number of cigarettes smoked per day was well correlated with
distance, but on an individual child basis was only marginally
predictive of blood lead in different children, P between 0.0459
and 0.1217. Renter vs. homeowner status was included in two of
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three models but with P between 0.1862 and 0.2248, and should
probablyJWonitted from the models. The relationship between
log(blodHJUd) and age is not linear, and in this model is
better described as a convex downward quadratic function with a
maximum between 1 and 2 or 3 years of age. The number of hours a
child spends at home was included in the stepwise models but was
not significant by usual standards, P between 0.1199 and 0.1249.
On the other hand the number of hours per day that the child
spends outside of the house playing was always one of the most
significant predictors in these models,- P < 0.00016. Gender was
only selected in one model, and was not a statistically
significant predictor.

In summary, linear models for log (blood lead) always included
dust lead as a highly significant predictor, usually selecting
log (dust lead loading) as a better predictor than log (dust l£ad
concentration) and thus excluding log (total dust loading)
significant predictor. The logarithm of soil lead, of average*
lead-based paint, or of deteriorating interior or exterior lead-
based paint, were rarely or never selected for inclusion in
models, suggesting that these variables are less proximate
predictors of blood lead, in general only playing a role insofar
as they contribute lead to household dust and thence to the child
by hand-to-mouth contact with surface soil or dust. Soil and
paint are therefore largely indirect sources, using house dust as
a pathway. Although U.S. EPA believes that this modelling
approach has less biological plausibility or interpretability
than thelinear model (Model 2) described in Section 4.2, this is
the mê ^̂ Khat was adopted in the IDPH report. A reasonably
direct̂ ^̂ Bel specification search would have clearly exposed
these relationships, and in fact the IDPH report clearly
identifies household dust lead as the most important and
significant predictor of blood lead. The IEHR/IDPH report did
not examine the role of soil lead as a major source of dust lead,
and therefore an important indirect source of lead in blood.
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4.6 Linear Models for Blood Lead fitted in Log Fora (Model 2)

The *£tetionship between blood lead and lead intake is
somewha^Bpilinear (Chamberlain 1984, Marcus and Cohen 1988), but
only at 'iHisls corresponding to'soil and dust lead concentrations
well in excess of 1000 ug/g. Therefore, a reasonable

approximation to the relationship can be obtained by fitting a
linear model, in log-transformed form. The low-dose linearity is
also predicted by almost any biokinetic model of lead uptake and
distribution in the body, hence has a theoretical as well as an
empirical basis. The empirical regression coefficients derived
in this way can be compared with earlier studies (U.S.
Environmental Protection Agency 1986, 1989a). The same general
approach to identifying confounders and selecting predictor
variables was applied to this problem as well, but the form of
the relationship fitted to the data is intrinsically nonlinei
the parameters. There is no stepwise variable selection meth<
the nonlinear regression procedures in some commonly used
statistical packages (SYSTAT, SAS, BMDP), so U.S. EPA used
SYSTAT's PROC NONLIN (Wilkinson 1992) on one model at a time.

Three models are shown in Table 13. The simplest model is
provided to show that child age, residential soil lead and dust

lead can only predict about 16 percent of the variability in
LOGblood lead, as measured by R-squared. Substantial increases

were obtained in the following way. The U.S. EPA first added a
set of household, demographic, and behavioral variables to the
model as in Section 4. This increased R-squared to 31 percent.
Note that even the baseline model has used age as a categorical
variab4BBB.tn five categories: <1 year of age, 1 year, 2 years,
3 yearf̂ HEi 4."to 6 years. The third model reports the results
of speculation searches in which interaction terms between age

category, .soil lead, and dust are reported.
Results are shown in Table 13. Even in the simple model,

both dust lead loading and soil lead are statistically
significant predictors of child blood lead. Blood lead is
highest at age 2 years, although baseline blood lead ages 1 to 3
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years are somewhat similar. The soil lead regression coefficient
of 1.73̂ K̂ll per 1000 ppm soil lead is very similar to the

typical̂ Hue cited in the EPA Air Lead Criteria document (U.S.
Environmental Protection Agency, 1986) of 2.2 ug/dl per 1000 ppm.
The dust lead coefficient in earlier work was derived for dust
lead concentration, not lead loading. In the second model in
Table 13, a number of important demographic and behavioral
variables was included. The variables that were significant
predictors of blood lead included house dust loading, refinishing
or remodelling within the last year, building condition, nonwhite
race, parental education, and time spent outdoors. The number of
cigarettes smoked per day and the number of hours per week spent
at home were not significant and were dropped from the last
model in Table 13.

The last model in Table 13 includes the possibility that f?i
there may be different soil lead and dust lead loading regression
coefficients at different ages. The predictor variables that?
capture this effect are the interaction variables or products of
soil lead (PBS) with each age category < 1 year, 1 to 6 years,
and the products of dust lead loading with ages 0, l, 2, 3, 4 to
6 (denoted PBDL AGEO etc.). Preliminary tests found that the
soil lead coefficients were very similar, and not significantly
different among different ages beyond infancy. The soil lead

coefficient, adjusted for dust lead loading, is 1.87 ug/dl blood
lead per 1000 ppm soil lead, which is even closer to the usual
estimate of 2.2 ug/dl per 1000 ppm soil lead at some other urban
and leâ m̂elter sites (U.S. Environmental Protection Agency
1986, ̂ ĤB • Tn* estimated dust lead loading coefficient was
not c 9̂lKe4 in these publications, but is here estimated as a
decreasing function of age, from 1.77 ug/dl per 1000 ug Pb/sq.m
surface area at ages < 12 months, 0.66 ug/dl per 1000 ug/sq.m. at
age 1 year, 0.48 ug/dl per 1000 ug/sq.m. at age 2 years, 0.29
ug/dl per 1000 ug/sq.m at age 3 years. Unfortunately standard
error estimates were not estimable using the SYSTAT NONLIN
procedure due to a nearly singular Hessian matrix for calculating
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asymptotic errors. Other methods, such as the bootstrap (Efron

and TibsJHfcni 1992) , may be used.

5 CAUSAL MODELS OF ENVIRONMENTAL LEAD PATHWAYS

5.1 Causal Pathway Modelling

Rothman (1986) emphasizes that confounding is not appropriate
to describe the use of several predictor variables that are
indicators of various steps in a pathway model from the nominal
causal agent to the response. There is abundant physical
evidence that residential soil lead in the yard of a pre-school
child contributes to child blood lead. This includes
similarities in patterns of stable lead isotopes, calculations of
mass balance of lead in environmental media, and—most importantly
—when soil lead is removed under conditions in which there isjjV
little or no recontamination of household dust from other if
exterior sources, then there is a significant reduction of cĥ ld
blood lead for children residing there.

The stable lead isotope studies are described by WesolowsJci
et al. (1983) based on older housing in Oakland, California. Some
studies in Boston children described by Rabinowitz (1987).
Isotope ratios have been used in some source identification

studies (Rabinowitz 1974).
Some mass balance considerations are described by Marcus and

Elias (1994), who estimated that a typical house with lead in
paint and soil has roughly 1 kg Pb on interior surfaces, 4 kg Pb
in paint on exterior surfaces, and 8 kg Pb in the yard, but less

•̂K* • •than ô ^̂ toa of lead in household floor dust. While dust moves

^̂ ^̂ fin and̂ B̂fcf houses, time scales for dust transport may range
from 2 to 10 months (Marcus 1993) so that the direction of
causality is clear: Soil and paint may contaminate dust, whereas
dust in the house has little effect on soil lead in the yard,
with the possible exception of improperly conducted lead paint

abatement.
The most important evidence is directly experimental.
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Removal of soil at Kellogg, Idaho, has resulted in a reduction of
child bl4pj£lead exceeding 50 percent (Ian Von Lindern, personal
communicMpn, October 28, 1994). The Boston Urban Soil Lead
AbatemeiSWdLmonstration Project resulted in a 15 percent
reduction in blood lead in the first year (Weitzmann et al.
1993), with a continuing comparable decline in the next year
(Aschengrau et al. 1994).

The U.S. EPA therefore proceeds with modelling the pathways
by which soil lead contributes to lead in house dust and to child
blood lead. Several models were developed and tested. Models
that have been in the research literature for a decade
(Bornschein et al. 1985) suggest that the following system of
equations is appropriate:

Model 1: ,

log (blood lead) =» a + b log (soil lead) + c log (dust lead j|.
loading) + other covariates ^

• log(dust lead loading) « log(dust lead concentration) +
log(total dust loading) - log(1000)

• log(dust lead concentration) - f + d log(soil lead) + e
(Deteriorated interior lead paint) + other covariates

• log(soil lead) - g + h (Deteriorated exterior lead paint) +

other covariates

The parameters a, b, ..., h are estimated from the data. The
U.S. EPA has developed a complementary approach based on a linear

model:

Model 2?
blood lead - A + B (soil lead)+ C (dust lead loading) + other

covariates

• dust lead loading - (dust lead concentration ) * (total dust

loading) / 1000
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• dust lead concentration - D + E (soil lead concentration) + F

(DeteiflHfcted interior lead paint) + other covariates

* soil ]HE-'concentration - G -t- H (Deteriorated exterior lead

paintf** Q / (DISTANCE) + other covariates

The parameters A, B, ..., Q and other parameters must also be

estimated from the data. Some technical details are discussed in

Appendix B.

5.2 Structural Models for the Logarithm of Blood Lead, Dust
Lead, and Soil Leadt Model 1

Models were fitted using the structural equations modelling
program EQS (Bentler 1994). This program was selected because it
allows a very flexible set of parameter and model specifications,
except that models must be linear in variables. The general^form
of the structural model is shown in Figure 23. The best fitting
parsimonious model using LOGPBB, LOGPBDL, LOGPBD, and LOGPBS %s
state variables is shown in Figure 23, and results tabulated in
Table 14. The regression coefficients shown in Table 14 are
••elasticities". For example, the direct regression coefficient
of LOGPBB on LOGPBS is 0.072, which means that a 1% change in
soil lead was associated with a change of 0.072 % in blood lead.
Standard errors of elasticities are shown in Table 14.
Statistical significance is shown on Figure 23 and subsequently
by the two-tailed statistical significance of the pathway
regression coefficient. Because multiple comparisons and
multiple models have been evaluated before this model was
select̂ K̂fce more stringent criteria may be necessary in order
to guâ ^̂ Ki groupwise significance of the coefficients (Learner
1978) .̂ Figure 23 and Table 14 show the following results. Soil
lead and dust lead loading are significant predictors of blood
lead. Dust lead loading and water lead are highly significant
predictors, as are building condition and several demographic
variables including nonwhite race, cigarette smoking, time spent

playing outside, and time spent at home. Neither interior nor
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exterior lead-based paint deteriorating paint are direct

predictoMpp)f blood lead, but deteriorating exterior lead paint

is a hi^Bfsignificant contributor to soil lead. Deteriorating

inter iorWMfcd-based paint is a highly significant predictor of

dust lead concentration, which is of course a highly significant

predictor of dust lead loading. Soil lead concentration is also

a predictor of dust lead concentration and dust lead loading.

The most significant predictor of soil lead is distance from the

NL/Taracorp lead smelter site, and the elasticity of -1.00

suggests that approximating soil lead (absent its paint lead

component) as the inversely proportional to distance from the

NL/Taracorp lead smelter would accurately characterize the

relationship. This was used to define inverse distance as the

appropriate distance metric for the linear model in Section 5.3.

There is therefore some indication that soil lead is a ^

significant predictor of blood lead, both by direct and indirfjct

pathways, with the major component of soil lead close to the sj

NL/Taracorp lead smelter not being derived from lead-based paint.

5.3 Linear Models for Blood Lead, Dust Lead/ and Soil Lead:

Model 2

Models were fitted using the simultaneous equations modelling

program SAS PROC MODEL (SAS 1993). This SAS program was

particularly useful for fitting nonlinear equations that arose

after logarithmic transformation of the linear equations. The

general fora of the linear structural model is shown in Figure 24

and results tabulated in Table 15. The regression coefficients

shown •̂B&ltir 15 are slope estimates in appropriate physical

^̂ ^̂ ELunits: ̂ B̂kl: for blood lead vs 1000 ppm - 1 mg/g for dust lead

^̂ ^̂ ^̂ K_or soî ^̂ R concentration, ug/dl for blood lead vs. 1000 ug/sq.m

=» 1 mg/sq.m for dust lead loading, and so on. For example, the

coefficient 5.47 between dust lead loading and blood lead means

that the coefficient is 5.47 ug/dl per 1 mg/sq.m. lead in dust.

Standard errors of coefficients are shown in Table 18.

Statistical significance is shown on Figure 24 using the same
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notation as Figure 23. sensitivity of the results was tested by
truncatî gpf the data set, with relatively little difference in
results ĵ Hreen the two cases shown in Table 15, truncation at
dust leaô bf 1,500 ppm and 10,000 ppm.

Figure 24 and Table 15 show the following results:

1. Dust lead loading is a highly significant predictor of
blood lead, more predictive than dust lead concentration
and much more predictive than soil lead;

2. Several demographic and individual behavioral variables
were significant predictors of blood lead, including
parental education, identification as Afro-American race,
time spent playing outside, and recent refinishing or
remodeling of painted surfaces. Time spent at home was
marginally significant, time playing on the floor and
cigarette smoking were non-significant, and dropped from
the final model;

3. Building condition was a highly significant predictor
dust loading, but also a significant predictor of blo
lead;

4. Water lead was a marginally significant predictor of blood
lead;

5. Neither interior nor exterior lead paint hazard index are
direct predictors of blood lead;

6. Total dust loading is significantly correlated with some
demographic and house variables such as building
condition, cigarette smoking, and Afro-American race
identification, although the latter is probably a
surrogate for community location within Madison County
(not provided to EPA);

7. Soil lead concentration and interior lead paint hazard
index are highly significant predictors of dust lead

vtration;

exterior lead paint is a highly
rtically significant contributor to soil lead, but a

much smaller and much less significant contributor than
inverse distance to the NL/Taracorp lead smelter; and

9. Two different methods for parameter estimation were used,
with somewhat different quantitative results, but showing
nearly the same pattern of significant pathway
relationships.
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The results of fitting Model 2 again confirm that soil lead

is a sifl||*icant predictor of blood lead, by an indirect pathway

througMMBUe dust lead loading, with the major component of soil

.̂ ^̂ ^̂ RL'lead cMHPto the NL/Taracorp lead smelter not being derived from

lead-based paint.

6 SUMMARY AMD CONCLUSIONS: SITE-SPECIFIC PROPERTIES FOR RISK

ASSESSMENT

The NL/Taracorp site appears to have properties that are

characteristic of other recently inactive lead smelter sites.

The areas closest to the NL/Taracorp lead smelter have soil and

dust lead concentrations that are highest and fitting to airborne

particulates from smelter emissions. These particles are

generally easily transported from exterior soil into househo

dust, and are likely to be small, soluble, and highly

bioavailable.

These analyses, plus observation of Granite City neighborhoods

closest to the NL/Taracorp lead smelter, show that:

1. There are many young children in the community;

2. Children often play outdoors for much of the day;

3. Residential yards often contain large bare areas without
grass cover;

4. Adjacent yards are often not fenced and are readily
accessible to young children; and

5. The residential areas are surrounded by industrial areas and
routes that contribute to the total

impact on these children.

V the IEUBK model can be used at this site, with

appropriate site-specific input parameters appearing not much

different than standard model parameters.

7 EVALUATION OF TEE ADEQUACY OF THE IEUBK MODEL FOR PREDICTING
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BLOOD LEAD CONCENTRATIONS IN MADISON COUNTY
The coflpper model known as the integrated Exposure Uptake

BiokinedBPlEUBK) Model for lead in children, version 0.99d, is
designed'tli 'predict the distribution of blood lead concentrations

for children exposed to a specific set of concentrations of lead
in the environment and to allow estimation of a protective
residential lead soil level. The EPA IEUBK lead Model has been
extensively documented in a Guidance Manual, a Technical Support
Document on the model parameters and equations. Preliminary
validation studies (1994) and more detailed validations have
established a wide range of usefulness for the model. The model
is based on five broad kinds of scientific evidence:
(1) community epidemiology studies of children at former lead
smelter sites and mining sites, and in urban areas;
(2) occupational and community epidemiology studies in human
adults; (3) clinical and medical studies of human children a
adults; (4) animal toxicology studies, with particular emphasias

on species with some specific physiological or anatomical
similarity to humans; (5) mechanistic studies on biological or
physical processes, such as the rate of dissolution of lead
particles.

A number of assessments were done to evaluate the suitability
of the IEUBK Model for estimating the distribution of blood lead
concentrations in Madison County children. In spite of U.S.
EPA's reservations about the adequacy of the study design, U.S.
EPA provisionally accepted the data from the Madison County Lead
Study as adequate for these assessments. The IEUBK Model was
used ̂ I4Hvn node with soil lead, dust lead, and water lead
concen̂ ^̂ Kns as input variables, along with the child's age
when tĥ r̂aidy was done in 1991. The basis for model evaluation
was comparisons of observed blood lead with predicted geometric
mean blood lead. The overall community distribution of observed
and predicted blood lead was in reasonable agreement (Figure 31)
except for the upper tail of the distribution, where a number of
blood lead concentrations were over-estimated by the IEUBK model.
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After considerable investigation, EPA determined the

differe^MF between observed and predicted blood lead

concenfl|̂ R.ons were far more closely correlated with the dust

lead c<3W5Shtration than with any other variables in the data set,

including lead in soil and in paint. Further investigation

identified the probable cause as the inclusion of large particles

with paint chips in the reported dust lead concentrations, with

the consequent increase of reported dust lead concentration for

most such occurrences since the lead concentration in a chip of

lead-based paint would almost surely exceed 0.5 percent lead

(5,000 ppm). The U.S. EPA therefore evaluated several

alternative model specifications.

The standard alternative to use of measured dust lead

concentration in the IEUBK Model is to assume that the dust lead

concentration can be calculated as a mixture from other sources

with known concentrations. The most important component of

alternative dust model is the assumed contribution of yard

to house dust, amounting to 70 percent of the soil lead

concentration. The U.S. EPA also added a nominal air lead

deposition contribution of 10 ppm. Using the IEUBK Model in

batch mode with estimated rather than observed dust lead produced

a much better fitting blood lead concentration distribution for

Madison County children.

Comparisons of goodness of fit are shown in Figure 25. Figure

25 shows a more compelling argument for use of the estimated dust

lead concentration rather than the observed concentration. The

observed dust lead concentration was divided up into a range of
•̂B£T '•

valuê K̂&O 249, 250 to 499, 500 to 749, 750 to 999, 1000 to

1499,̂ B̂E to 1999, 2000 to 2999, 3000 to 9999, and 10,000+ ppm

lead innouse dust.

The difference between observed and predicted blood lead
averaged less than 2 ug/dl only up to about 750 ppm reported dust
lead, then grew larger and larger. On the other hand, the
average difference between observed and predicted blood lead was
less than 2.4 ug/dl for reported dust lead concentrations up to
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10,000 ppm, and the difference above 10,000 ppm was only 10 ug/dl
instead *££° ug/dl. Therefore, within the range of values to be
used in ̂ HB estimation, the estimated dust lead concentration
using tl̂ BKandard assumption provides a much better description
of the observed distribution of blood lead concentration than
does the use of the reported dust lead concentration. While
these analyses confirm the usefulness of the standard assumption
(70 percent contribution of soil lead to house dust lead
concentration) for risk estimation purposes, additional
investigations were performed to assess- the apparent lack of
predictiveness of the reported dust lead concentrations.

The sources of any deviations between observed and predicted
blood lead concentrations should always be investigated, with
clear emphasis on study protocols and analytical methods that may
account for non-standard input data. As an example of a possible
artifact that could affect observed blood lead concentrations^
any area with substantial public awareness of a major lead halyard
is likely to have some households (probably those nearest the
NL/Taracorp lead smelter) that are aware of the hazard, so that
the children and their caretakers may make considerable efforts
to avoid lead exposure. There was no way to identify any such
artifact in the Madison County Lead Study, whether or not it
existed.

On the other hand, there was clear evidence of a potential
biasing factor in the method for reporting dust lead
concentrations. The U.S. EPA believes that the physical evidence
of some inflation of dust leads, along with statistical
comparî BEpf the use of observed (i.e., reported) and estimated

dust let̂ HKhow 'clearly the estimated dust lead is preferable.
Furtn̂ Bwsessment of the relationships among dust lead

concentration in small particles and lead concentration in larger
paint chips is continuing. Some of the lead concentrations in
the small dust particles were also extremely high, well in excess
of 10,000 ppm, suggesting that the biasing effect may not b«
merely the inclusion of large paint chips in the reported dust
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lead concentration. A plausible explanation is that the attempt
to colle^ppxtremely large samples of dust (3 to 5 g per house)
may havê Bl|uired collection of samples from locations that do

not refl̂ ^̂ the current lead transport kinetics and sources for
household dust. Typical floor dust samples in the U.S. EPA Urban
Soil Lead Abatement Demonstration Project in Baltimore, Boston,
and Cincinnati required only 100 to 300 mg of dust, less than one
tenth of the quantity defined in the Madison County Protocol.
The only way to obtain such a large dust sample in many homes is
to collect samples from "historic reservoirs" of lead
contamination, for example behind refrigerators or on window
sills. Even fine particles from such obscure locations are
likely to contain artificially high concentrations of lead from
ground-up lead paint particles from which the child is not
currently exposed. If the children had actually been exposed J:o
these very high lead concentrations from ground-up paint chip<t
there would have been even more observed cases of elevated blopd
lead. At this time, there is no way by which existing data from
the Madison County Lead Study can be used to resolve the
uncertainty about the relevance of the dust sampling protocol to
actual child exposure.

Note in particular that this evaluation did not require any
post hoc calibration or backfitting of IEUBK model parameters to

match the data.
Other studies validating the use of the IEUBK model have found

that the model provides a very good description of the blood lead
distribution at a number of sites, including sites similar to the
NL/TaraflBE»site (K. Hogan, U.S. Environmental Protection Agency,
draft iĴ HESep.t. 7, 1995). In fact, one of the validation
studieŝ Mffe the prediction was particularly good was done using

data from..the Madison County Study.
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8 BOIL LEAD CLEANUP LEVELS D8INQ THE IEUBK MODEL

fic parameters were based on U.S. EPA's judgement
that the NL/Taracorp site had many points of
the calibration site, Midvale, and that it is

appropriate to assume no mitigating factors that may reduce
childhood exposure to dust and soil. The standard model
parameters with an assumed soil-to-dust coefficient of 70 percent
provided a very good fit to the blood lead data, in terms of
geometric mean blood lead, percentiles of the blood lead
distribution, and reasonable correlation between observed and
predicted blood lead.

Sensitivity analyses were based on a range of values for the
contribution of lead-contaminated soil to household dust. The
default assumption, that the concentration of soil-derived lead
in house dust is 0.70 of the soil lead concentration, was judged
to be appropriate, and also provided a very good fit to the
blood lead data from the Madison County study. Alternative
values in the sensitivity analyses were based on statistical
analyses from study data: 0.29 (distances up to 1/4 mile), 0.385
(all data, as discussed in Section 4), and 0.55 (distances to 3/8
mile). The higher dust/soil coefficients of 0.70 and 0.55 are
more appropriate for risk assessment, more realistic for
properties of the site, and provide a good fit to the data.

Remediation goals for soil abatement were calculated from the
IEUBK Model so as to generate not more than 5 percent of children
of ages 6 to 84 months with blood lead 10 ug/dl or greater. The
calculated soil lead concentrations depended on the assumptions
one mâ lB£but soil to dust transport, but otherwise assumed only
defaull̂ HfcuBAters. The soil remediation levels ranged from 350
ppm (svHKb-dust coefficient » 0.70) to 480 ppm (soil-to-dust
coefficient of 0.29). This suggests a range of soil lead cleanup
values of 350 to 500 ppm. The results are shown in Table 16.

Additional sensitivity analyses were done to assess the effect
of lead-based paint on soil lead cleanup levels. As noted in the
IEUBK Lead Model Guidance Manual (U.S. Environmental Protection
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Agency, 1994), there is very little basis for estimating the
"typical̂ pptake of lead from lead-based paint. The Guidance

Manual S^̂ BS^S that ingestion of a one-square-inch paint chip
may conWpond to an intake of about 400 ug Pb. We have assumed
that there is some age dependence on paint ingestion that is
roughly proportional to the ingestion rate of soil and dust, and
have therefore assumed daily intake rates of lead from lead-based
paint of 240, 400, 400, 400, 300, 270, and 240 ug Pb per day at
ages < 1 year, 1 year, 2 years, 3 years, 4 years, 5 years, and 6
years respectively. However, to start .with conservative
assumptions about the absorption of lead from lead-based paint,
we assumed absorption rates of only 1 percent and 2 percent
respectively. This may be reasonable, if paint chips are only
partially dissolved in the stomach, or if the lead is contained
in some relatively insoluble pigment such as lead chrornate.
exact input parameters used in all of the models are presente
IEUBK lead model parameter input files in Appendix 0.

Table 17 shows that over the range of soil-to-dust transfer
coefficients observed from the Madison County Lead Study, and
including the standard assumption of 70 percent that gave the
adequate blood lead predictions discussed in Section 7, soil lead
cleanup levels are greatly reduced by even a modest intake of
lead-based paint, from 230 to 350 ppm if only 1 percent of the

lead in the paint is absorbed, and from 115 to 170 ppm if 2
percent is absorbed. These calculations assumed that paint chips
are consumed regularly. The IEUBK Model does not presently offer
any options to assess the effects of infrequent or sporadic
intake ̂Hvinfc chips.

In S^̂ Ĥ' the use of a range of conditions specific to the
NL/Taraĉ r̂ site has identified a range of soil lead remediation
levels that should achieve the specified goal: not more than 5
percent of the children exposed to any specific level can be
expected to have a blood lead concentration of at least 10 ug/dl.
The upper end of this range, using a site-specific soil-to-dust

coefficient, is approximately 500 ppm.

64



TABLE 1. CHILD BLOOD LEAD AS A FUNCTION OF DISTANCE

Distan
ce
^̂ ^̂ •̂ •̂̂ ^̂ Ĥ

1

2

3

4

^̂ f Blood
flK Lead GM rse (%) GSD
•B̂ D̂̂ P̂ L

9

13

63

98

5 118

6

7

8

9

10

Missin
g

81

25

47

22

3

11

8

6

7

6

5

4

5

4

4

3

4

.98

.46

.77

.04

.69

.86

.19

.44

.18

.41

.00

(14)

(18)

( 9)

( 7)

( 6)

( 7)

(12)

( 8)

(22)

(76)

(29)

1.

1.

2.

1.

1.

1.

1.

1.

2.

2.

2.

501

790

015

879

924

835

725

657

584

673

338

Percent
10 + ug/

dl

33

23

23

19

18

- 7

12

2

22

0

9

.33

.08

.81

.39

.64

.41

.00

.13

.73

.00

.09

Percent
15 +
ug/dl

11.

15.

19.

5.

5.

2.

8.

0.

0.

0.

9.

11

38

05

10

93

47

00

00

00

00

09

Percent
20 +
ug/dl

0.00

7.69

12.70

4.08

3.39

1.24

0.00

0.00

0.00

0.00

0.00 jti

GM - Geometric mean blood lead; rse - relative standard error; GSD » geometric standard deviation, and
percentage of children with elevated blood lead concentrations, as a function of approximate
distance from the NL/Taracorp Lead Smelter at the NL/Taracorp Superrund Site



TABLE 2. SOIL LEAD AND DUST LEAD AS A FUNCTION OF DISTANCE

Distance '

I '

2

3

4

5

6

7

8

9

10

Missing

•pNH

3E^ 6

8

38

66

84

55

19

35

18

2

7

Soil Lead,

GM

1501

1201

541

352

379

251

251

222

180

481

73

ppm

rse

(17)

(7)

(10)

(8)

(8)

(7)

(17)

(11)

(17)

(282)

(50)

Dust Lead,

NH

6

8

39

62

83

55

19

35

18

2

7

GM

1410

611

600

422

409

359

389

326

222

566

97

ppm

rse

(38)

(51)

(24)

(15)

(13)

(18)

(3D

(16)

(31)

(195)

(34)

Dust Lff^

GM

0.914

0.397

0.269

0.239

0.212

0.158

0.159

0.130

0.139

0.143

0.017

Loading

rse

(28)

(106)

(29)

(20)

(18)

(23)

(35)

(21)

(52)

(238)

(64)

Geometric means (CM) of soil and dust lead concentrations, number N of households, relative standard errors
(rse) in percent, as a function of the approximate distance from the NL/Taracorp lead smelter at the /,
NL/Taracorp Superfund Site. Distance is measured in intervals of approximately 1/8 mile. |i



TABLE 3. HOUSEHOLD DEMOGRAPHIC CHARACTERISTICS AS A
^•^ FUNCTION OF DISTANCE

^^^••M^^

Distance

1

2
3
4
5
6
7
8
9
10
Missing

35E>£-
NH

6
8

38
66
84
55
19
35
18
2
7

Mean
Year
Built

1908

1926
1926
1937

1935

1935

1937

1936

1940

1950
1939

Mean
Gigs./
Day

16.8

37.2

25.0

25.6

19.8

11.2

14.3

9.2
8.1
5.0

16.4

Mean
Education

12.5

11.7
12.1

12.5

12.3

12.7

13.0

12.9
12.8

14.0
14.0

Mean
Bldg.
Cond.

1.25

2.00
1.63
1.50

1.40

1.20

1.21

1.06

1.18

1.00
1.00

Pet.
Non-
White

11.1
15.4

4.8
13.3

18.3

34.6

28.0
30.4

31.8

0.0
0.0

Pet.
Renters

50.0

62.5
65.0

50.8
50.6

54.5

26.3

28.6
31.2

50.0
16.7

Pet.
Air

Cond.

33.3

11.1
17.5
19.4
13.4

10.5

10.5

2.8
0.0
0.0
0.0

Mean
No.

Child.

1.50
1.44

1.58
1.46
1.34

1.42

1.25

1.31
1.22
1,50
«
||38

Numerical characteristics of households as a function of distance the NL/Tancorp lead
NL/Tiracorp Superfund Site, where distance is measured in intervals of about 1/8 mile
mean or percent of households.

smelter at the
, Results reported as



TABLE 4. AGE DISTRIBUTION OF CHILDREN AS A FUNCTION OF DISTANCE
!

Distance j

1
2
3
4
5
6
7

8
9
10
Missing

•fce

9
13
63
98

118
81
25
47
22

3
11

<1 year

0.0
0.0

12.7
8.2

10.2
12.3
8.0

10.6
13.6
0.0
9.1

1 year

11.1

23.1

15.9

14.3
16.9
13.6

12.0

19.1

4.5
0.0

18.2

t
2 years

22.2
0,0

17.5
17.4
21.2
19.8
12.0
27.7
22.7
66.7
45.5

^ge
3 years

22.2
15.4

14.3
. 18.4

18.6
13.6
4.0
8.5

22.7
0.0
9.1

4 to 6 years

44.4
61.5
39.7
41.8
33.1
40.7
64.0
34.0
36.4

33.3
18.2

Mean Age

3.93
4.12
3.22
3.45
3.27
3.44
3.92

3.22
3.49
3.60
2.47

Percent of children in different age groups as a function of approximate distance from the NL/Taracorp
smelter at the NL/Taracorp Superrund site, where distance is measured in intervals of about 1/8 mile.

lead



TABLE 5. BEHAVIORAL CHARACTERISTICS AS A FUNCTION OF DISTANCE

Distance <

I 1
2
3
4

5
6
7
8
9
10
Missing

tf N

H 9
^ 13

63
98

118
81
25
47
22
3

11

Mean Outside Hours

3.67
3.23
3.87
3.17
2.92
2.57
2.40
2.60
2.09
1.33
3.55

Mean Floor Hours

4.22
7.69
5.95
6.62
6.28
5.16
5.96
6.04
5.62
3.67
7.36

Mean Mouthing Score

2.33
2.62
2.32
2.26
2.34
2.31
2.60
2.21
2.64
1.67
2.46

Mean of individual behavioral characteristics as a function of distance from the NUTaracorp lead smelter at the
NL/Ttrmcorp Superfund site, in intervals of about 1/8 mile.



TABLE 6. PERCENTAGE OF ELEVATED BLOOD LEAD DEPENDS ON BOTH
SOIL LEAD AND DUST LEAD CONCENTRATIONS.

TABLE 6A: BLOOD LEAD AT LEAST 10 Mg/dl

Dust

Lead

Dust

Lead

Dust
Lead

0-249

250-749

750 +

TABLE 6B:

0-249

250-749

750+

TABLE 6C:

0-249
250-749

750+

0-249

3.7 (4/104)

13.5 (5/37)

6.7 (1/15)

SoU

250-499

17.2(11/64)

23.2 (13/56)

17.8 (8/45)

Lead

500-999

7.1 (1/14)

20.7 (12/58)

25.8 (8/31)

1000+

33.3 (1/3)

30.0 (3/10)

30.8 (8/26)

BLOOD LEAD AT LEAST 15 pg/dl

0-249

1.0 (1/104)

5.4 (2/37)

6.7 (1/15)

SoU

250499

4.7 (3/64)

7.1(4/56)

4.4 (2/45)

Lead

500-999

0 (0/14)

10.3 (6/58)

16.1 (5/31)

1000+

0 (0/3)

10.0 (1/10).

19.2 (5/26)

BLOOD LEAD AT LEAST 20 pg/dl

0-249

0 (0/104)
5.4 (2/37)

6.7 (1/15)

SoU

250499

3.1 (2/64)
0 (0/56)

4.4 (2/45)

Lead

500-999

0 (0/14)

3.4 (2/58)

16.1 (5/31)

1000+

0 (0/3)
0 (0/10)

11.5 (3/26)



TABLE 7. PERCENTAGE OF ELEVATED BLOOD LEAD INCREASES WITH DUST LEAD LOADING, BUT
IS

INDEPENDENT OF INTERIOR LEAD PAINT HAZARD INDEX

: BLOOD LEAD AT LEAST 10 /*g/dL DUST LEAD LOADING,

Interior
Lead Paint
Hazard Index
/ig/cm2

Interior
Lead Paint
Hazard Index
/ig/cm1

Interior
Lead Paint
Hazard Index
mg/ctn2

<0.5
0.5-4.9
5 +

TABLE 7B:

<0.5
0.5-4.9
5 +

TABLE 7C:

<0.5
0.5-4.9
5 +

5
10
5

0-249
(7/134)
(11/107)
d/21)

BLOOD LEAD AT LEAST

0
3.7
4.8

0-249
(0/139)
(4/107)
(1/21)

BLOOD LEAD AT LEAST

0
1.9
4.8

0-249
(0/139)
(2/107)
d/21)

250-499
26 (9/34)
24 (11/46)
14 (1/7)

15 /cg/dL DUST

250-499
8.8 (3/34)
6.5 (3/46)
0 (0/7)

20 /ig/dL DUST

250-499
2.9 (1/34)
0 (0/46)
0 (0/7)

500-999
38
19
38

(3/80)
(5/26)
(3/8)

LEAD LOADING,

29
36
38

Mg/m1

500-999
25
7.7
0 .

(2/8)
(2/26)
(0/8)

LEAD LOADING,

29
17
29

/tg/m1

500-999
12.5
3.8
0

d/8)
d/26)
(0/8)

29
9.5
24

1000+
(2/7)

(15/42)
(8/21)

1000+
(2/7)
(7/42)
(6/21)

1000+
(2/7)
(4/42)
(5/21)
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TABLE 8. SENSITIVITY OF LINEAR REGRESSION MODEL FOR LOG,
BLOOD LEAD TO MODEL SPECIFICATION USING BASELINE AND HIERARCHICAL MODELS

TABLE 8A: COEFFICIENT OF DETERMINATION R1 -~--
m^a^^=x=f=^am

Data Subset *

Building

Condition
Model

^^HjH^^wRf All
Dust Lead Cone.

< 3000 ppm
Dust Lead Coifln^,

< 1000 ppm"^^1

BLOCON1M BLDGCOND BLDGC1MP BLDCONIM BLDGCOND BLDGC1MP BLDCONIM BLDGCON BLDGC1M
D P

Onnd No Distance Grand No Distance Grand . No Distance
Mean Impute Mean Mean Impute Mean Mean Impute Mean

Regression
Model

Baseline
+ Soil Lead
+ Dust Pb Load
+ Soil + Dust

0.051
0.091
0.197
0.209

0.128
0.168
0.215
0.233

0.133
0.161
0.228
0.238

TABLE 8B: LOG DUST

0.041
0.080
0.156
0.169

0.098
0.146
0.183
0.205

0.105

0.133
0.189
0.200

LEAD LOADING REGRESSION

0.029
0.067
0.171
0.182

0.109
0.157
0.208
0.229

0.104
0.133
0.201
0.212

COEFFICIENT
Regression
Model

Base
+ Dust PbL
+ Soil + Dust

0.176
0.164

-
0.139
0.125

TABLE

-
0.148
0.129

8C: LOG

-
0.174
0.158

SOIL LEAD

-
0.150
0.131

-
0.153
0.139

-
0.199
0.186

-
0.170
0.151

-
0.172
0.160

REGRESSION COEFFICIENT
Regression
Model
Base

+ SoilPb
+ Soil + Dusl

0.191
0.098

0.190
0.123

TABLE 8D:

0.158
0.092

0.185
0.105

0.201
0.134

0.284
0.096

0.182
0.091

0.201
0.127

0.157
0.088

BUILDING CONDITION REGRESSION COEFFICIENT
Regression * V
Model

Base
+ SoilPb
+ Dust PbL
. «• •• . r^.._.

0.141
0.081
0.101
n fwcx

0.329
0.288
0.225
n im

0.348
0.311
0.231
nil*

0.124
0.068
0.104
n <vm

0.305
0.264
0.236
n lie

0.321
0.284
0.243
n V>A

0.124
0.071
0090
n n<o

0.334
0.293
0.229
A 7 I 1

0.337
0305
0.228
n i l *



TABLE 9. SENSITIVITY OF LINEAR REGRESSION MODEL FOR LOG,
BLOOD LEAD TO MODEL SPECIFICATION USING 'SUB-BASELINE' AND HIERARCHICAL MODELS

TABLE 9A: COEFFICIENT OF DETERMINATION R2

. IplffPf^ Dust Lead Cone.
Data Subset

Building

Condition
Model

All
BLDCONIM BLDGCON

D
Grand
(Mean)

(No
Impute)

< 3000 ppm

BLDGCIMP BLDCONIM BLDGCOND

(Distance
Mean)

Grand
(Mean)

(No
Impute)

BLDGCIMP

(Distance
Mean)

Dust Lead Cone. " T*"**

BLDCONIM

Grand
(Mean)

< 1000 ppm

BLDGCOND

(No
Impute)

BLDGCIMP

(Distance
Mean)

Regression
Model

Sub-Base
+ Lead Paint
4- Soil Lead
+ Soil + Dust

0.033
0.051
0.092
0.210

0.122
0.128
0.169
0.228

TABLE 9B

0.125
0.133
0.161
0.236

: LOG

0.036
0.041
0.084
0.169

SOIL LEAD

0.098
0.098
0.146
0.195

0.102
0.105
0.133
0.195

0.027
0.029
0.065
0.173

0.109
0.111
0.155
0.215

0.102
0.104
0.126
0.197

REGRESSION COEFFICIENT
Regression
Model
Sub-Base
+ Soil Lead
+ Soil + Dust

-
0.210
0.077

-
0.195
0.109

-
0.165
0.072

-
0.185
0.078

-
0.192
0.114

-
0.153
0.070

-
0.168
0.059

-
0.185
0.103

-
0.134
0.054



TABLE 10. SENSITIVITY OF LINEAR REGRESSION MODEL FOR LOG,
BLOOD LEAD TO MODEL SPECIFICATION USING NEW BASELINE

AND HIERARCHICAL MODELS

'ABLE 10A: COEFFICIENT OF DETERMINATION R2

Data Subset

Regression Model

New Base

+ Lead Paint

+ Soil Pb

+ DustPbC

+ Paint + Soil

+ Dust PbL

4- Paint + Dust

-I- Soil 4- Dust

TABLE 10B:

Model

New Base

4- Dust PbL

4- Paint 4- Dust

4- Soil 4- Dust

TABLE

Model

""^JK
4- Paint 4-̂ P*'

4- Dust 4- Soil

All

0.214

0.224

0.264

0.279

0.262

0.318

0.318

0.333

Dust L^fld
< 10,000

0.198

0.202

0.242

0.242

0.240

0.285

0.285

0.299

LOG DUST LEAD

-

0.142

0.144

0.124

IOC:

0.195

0.181

0.104

-

0.139

0.142

0.119

Dust Lead
ppm < 3,000 ppm

0.197

0.199

0.245

0.242

0.243

0.283

0.284

0.299

Dust Lead
< 2,000 ppm

0.209

0.210

0.253

0.248

0.250

0.288

0.288

0.302

Duct Lead
< 1,000 ppm

0.220

0.218

0.255

0.249

0.257

0.293

0.297

0.305 -"•

LOADING REGRESSION COEFFICIENT

-

0.143

0.147

0.120

LOG SOIL LEAD REGRESSION

0.180

0.173

0.099

0.189

01.88

0.109

-

0.142

0.147

0.120

-

0.142

0.150

0.124

COEFFICD2NT

0.179

0.180

0.103

0.160

0.175

0.090
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TABLE 11. STEPWISE REGRESSION MODEL WITH STRONG AND WEAK
CONFOUNDERS OF THE RELATIONSHIP BETWEEN LOG BLOOD LEAD AND

LEAD, AND COVARIATES OF LOG BLOOD LEAD'son,
Model MB Forward

R- squared

Variable

LOGPBDL

LOGDSTLD

BLDCONIM

LOGPBD

AIRCOND

LOGDIST

LOGPBS

CIGSDAY

RENT OWN

LOGCXI

NUMSMOKE

EDUCYRS

INCOME

NONWfflTE

LOGXRFMN

OUTPLHRS

0.353

B

0.129 .

—
0.105

—

—
-0.226

—
0.001

0.073

—

—
-0.042

—
0.277

—
0.050

AGE2SQR | -0.024
^^JL.

REFINISjMrO.203

HRS.HoflBr-

SEX
_

P

0.000

—
0.040

—

—
0.001

—
0.236

0.200

—

—
0.012

—
0.000

—
0.000

0.000

0.000

—

—

Backward

0.353

B

—
0.139

0.103

0.124

—
-0.230

—
0.001

0.073

—

—
-0.042

—
0.270

—
0.049

-0.024

0.204

—

—

P

—
0.000

0.048

0.000

—
0.001

—
0.244

0.198

—

—
0.011

—
0.000

—
0.000

0.000

0.000

—

—

Force First 3

0.353

B

0.124

0.016

0.103

—

—
-0.230

—
0.001

0.073

—

—
-0.042

—
0.270

—
0.049

-0.024

0.204

—

—

P

0.000

0.703

0.048

—

—
0.001

—
0.244

0.198

—

—
0.011

—
0.000

—
0.000

0.000

0.000

—

—

Drop 6 Worst

0.379

B

0.114

—
0.088

0.026

—
0.243

—
0.002

0.099

—

—
-0.029

—
0.274

-0.015

0.051

-0.024

0.172

0.002

-0.067

P

0.001

—
0.091

0.540

—
0.001

—
0.09i

0.091

—

—
0.085

—
0.000

0.338

0.000

0.000

0.002

0.149

0.216



TABLE 12. REGRESSION MODELS FOR LOGARITHM OF BLOOD LEAD.
LINEAR IN LOG ENVIRONMENTAL LEAD.

Model ^ forward Step

R-squared Jlj|o.369

S-squared 1 0.2834

N

VARIABLE

LOGPBDL

LOOPED

LOGPBS

LOGCXI

LOGCXO

LOGXRFMN

LOGPBW

REFINISH

LOGDSTLD

LOGDIST

AIRCOND

BLDCONIM

CIGSDAY

EDUCYRS

LOGINCOM

NONWHTTE

NUMSMOKE

RENT OWN

AGE

413

B

0.126

—

—
—

—

—
0.0460

0.178

—
-0.215

—
0.106

0.00190

-0.0424

—
0.281

—
0.0688

0.158

AGE-squaflKb.03 17

EATPNTgKp- '

HRS_HONffi"*r&.00184

MOUTHFR

OUTPLHRS

PLAYFLR

SEX

0.0483

—
—

P
0.00000

— .

—

—
—
—
0.0127

0.00107

—
0.00227

—
0.0417

0.1217

0.0119

—
0.00007

—
0.2248

0.0327

0.00230

—
0.1247

—
0.00013

—

—

Forward-Drop Dist.

0.363

0.2918

422

B

0.140

—
0.097

—

—
0.0304

0.0561

0.147

—
—

—
0.111

0.00243

-0.0387

—
0.301

—

—

—
-0.0096

—
0.00186

—
0.0574

—

—

P

0.00000

—
0.0124

—
—
0.0496

0.00180

0.00699

—

—

—
0.0280

0.0459

0.0184

—
0.00002

—

—

—
0.00008
— .

0.1199

—
0.00000

—

—

Backward-Drop Dist.

0.372

0.2886

416

B

0.120

—
0.071

—

—

—
0.0545

0.160

—

—

—
0.127

0.00239

-0.0400

—
0.288

—
0.0771

0.184

-0.0328

—
0.00182

0.0149

0.0486

—
-0.0748

P

0.00000

—
0.0622

—

—

—
0.00254

0.00186

—

—

—
0.0158

0.0513

0.0152

—
0.00006

—
0.1862

0.0188

0.00209

—
0.1229

0.0914

0.00015

—
0.1662



TABLE 13. REGRESSION MODELS FOR BLOOD LEAD.
LOGARITHM OF LINEAR MODEL HiTED.

Model ^^^£- Minimal Environment

R-squared

S-squared

N

VARIABLE

PBDL

PBS

AGEO

AGE 1

AGE 2

AGE 3

AGES 4-6

PBDL AGE 0

PBDL AGE 1

PBDL AGE 2

PBDL AGE 3

PBDL AGE4+

PBS AGE 0

PBS AGE 1

DUST LOAD

REFINISH

BLDG.COND

nr.s/nAV

0.161

0.3868

463

B

0.557

1.729

3.07

5.30

5.52

5.10

3.86

—

—

—

—

—

—

—

—

—

zz^^Br "NONWHn^B&— .

EDUC.YRJ^B§-—
MRS HOME

OUTPLHRS

_

—

STD.ERR.

0.056

0.473

0.38

0.59

0.54

0.57

0.41

—

—

—

—

—

—

—

—

—

—

—

—

—_

—

Minimal Environment +
House, Child Confounden

0.314

0.3070

441

B

0.267

1.519

2.84

4.64

4.25

3.80

2.84

—

—

—

—

—

—

—
0.847

0.666

0.893

0.00110

1.176

-0.1625

0.00210

0.2116

STD.ERR.

0.027

0.417

1.67

1.87

1.85

1.87

1.80

—

—

—

—

—

—

—
0.263

0.271

0.329

0.00605

0.394

0.0768

0.00555

0.0720

Environment, Age Inter., +
House, Child Confounden

0.335

0.3041

441

B

—

—
3.76

5.22

4.82

4.42

3.56

1.767

0.660

0.482

0.289

0.002

-0.149

1.72

0.832

0.677

0.907

—
1.18

•0.1909

—
0.2044

STD.ERR.

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

NE—

—
NE—

NE—

—
NE—



TABLE 15. STRUCTURAL EQUATION MODEL FOR BLOOD LEAD
AND ENVIRONMENTAL LEAD: REGRESSION PARAMETERS OF MODEL 2.

Response
Variable

Soil Lead
Cone.

Dust Lead
Cone.

Distance Ring

Ext. Lead Paint
XRP* Condition

Intercept
Soil Lead Cone.
Int. Lead Paint
XRF* Condition

Method

Dust Lead
Cutoff

Units

/tg/g per I/ring
/tg/g per rag/cm1

pg/g

Mg/g per /ig/g
pg/g per rag/cm1

Full Inf. Max. Likelihood

< 10,000

Est.

1304

7.9

S.E.

IT

1.1

1 28
0.874 0.127
58.3 10.6

< 1,500

Est.

1269

8.3

S.E.
IT

1.2

56 26
0.638 0.098
24.0 6.5

Gen. Method Moments

< 10,000

Est.

1092
11.0

S.E.

~40~
1.4

0
0.880
53.6

forced

0.053
12.9

0
0.934
26.9

forced
0.051
9.3



TABLE 16. SENSITIVITY ANALYSIS FOR SOIL LEAD CLEANUP LEVEL,
WITHOUT LEAD PAINT

=^^^mE==^==ai=a^m^m^x^^^^^a^^mmM^^^mt^

Soil Lead Concentration, ppm

520
480
440

390
350

TABLE 17. SENSITIVITY ANALYSES FOR SOIL LEAD CLEANUP LEVEL,
WITH LEAD PAINT ADDED

Soil Lead Concentration, ppm

Soil-to-Dust Coefficient

0.29

0.385 (all data)

0.55

0.70

Paint Absorption 1% 2%

320

290

260

230

160

150

130

115
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increasing distance from the NL/Taracorp lead smelter. Bars show one standard error of
percentage estimate.
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Figure 2. Percentage of children with very elevated blood lead (15 ug/dl or above) decreases with
increasing distance from the NL/Taracorp lead smelter. Bars show one standard error of
percentage estimate.
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intervention (20 ug/dl or above) decreases with increasing distance from the NL/Taracorp lead
smelter, beyond ring 3. Bars show one standard error of percentage estimate.
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^ _ -

increasing distance from the Nl/Taracorp lead smelter. Bars show one geometric or relative
standard error of geometric mean.
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decreases with increasing distance from the NL/Taracorp lead smelter. Bars snow one geometric
or relative standard error of geometric mean.
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with increasing distance from the NL/Taracorp lead smelter. Bars show one geometric or relative
standard error of geometric mean.

1.2

0.8

3 0.8

0.4

0.2 I

1 1-

1 2 3 4 5 6 7

Mitenc* (rings about 1/1 mile)

8 9 10



condition) in residences of Madison County children decreases slightly with increasing distance
from the NL/Taracorp lead smelter. Bars show one standard error of mean.
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condition) in residences of Madison County children shows little relationship with increasing
distance from the NL/Taracorp lead smelter. Bars show one standard error of mean.
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mean water concentration in residences or Madison County children
shows little relation to increasing distance from the NL/Taracorp lead smelter, beyond ring I
Bars show one geometric or relative standard error of geometric mean.
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with increasing distance from the NL/Taracorp lead smelter. Bars show one standard error of
mean.
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., <. »tlj, 3115111 uciicaac wiiu iiiucumg aisiancc irom me INL/ I aracorp lead smeller. Bars
show one geometric or relative standard error of geometric mean
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with increasing distance from the NL/Taracorp lead smelter. Bars show one standard error of
mean.
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. .ttu,c i j. iviean years 01 education ot parents of Madison County children increases with
increasing distance from the NL/Taracorp lead smelter. Bars show one standard error of mean.
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distance from the NL/Taracorp lead smelter beyond ring 6. Bars show one standard error of
percentage estimate.
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Figure 15. Percent of non-white Madison County children increases with increasing distance Irom
the NL/Taracorp lead smelter. Bars show one standard error of percentage estimate.
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standard error of mean.
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percentage estimate.

Ag« 48+month*

— •• — A0* 38-47 month*

•• A---AO* 24-35 month*

— -M- - Ag« 12-23 month*

— O — A0* <12 month*

4 5 6 7

Dl*(anc« (ring* of about 1/1 mile)



Figure 18. Mean hours of outdoor play per day of Madison County children decreases with
increasing distance from the Nl/Taracorp lead smelter. Bars show one standard error of mean.
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Log Dust Lead
Loading

r = 0.429

Log Dust Lead
Concentration

r" 0.314

•

r » 0.«24

Log Soil Lead
Concentration
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r« 0.433

r" 0.438

Figure 19 Scatter plot matrix for the natural logarithms of blood lead and four of the most
important environmental lead variables, along with the Pearson correlation coefficient for each.
Note that these are ordered by decreasing predictiveness of blood'lead and of each other, with
dust lead loading > dust lead concentration > soil lead concentration > interior lead paint hazard
index
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Figure 20. Scatter plot matrix for crbss-corrrelation of the natural logarithms of blood lead, four
of the environmental lead variables (dust lead loading, dust lead concentration, soil lead
concentration, and interior lead paint hazard index) and total dust loading vs. three environmental
factors (total dust loading, housing age, exterior building condition) and two sociodemographic
factors Oiou«:i»hrilH income and eHi!r»»;««% Th « >-/N-_«t..: ----- «_:„.„» r,,- :„ .t. ---- r._



Figure 21. Scatter plot for natural logarithm of blood lead, dust lead loading, and soil lead is
shown in a three-dimensional representation. The multiple regression relationship of log(blood
lead) on log(dust lead loading) and log(soil lead) is shown as a shaded plane surface. Note that
most data points lie close to the plane, and that there is a relatively large effect of dust lead
loading. There is also a slight effect of soil lead on blod lead, shown as a small positive slant of
the multiple regression surface projected""on the log(blood lead) vs. log(soil lead) plane.



.0 M w.-^..-^w ~. ..^wwnuiuo jji wju«~ii me cMunaied contnoution 01 soil lead to Household
dust exceeds the estimated contribution of deteriorating lead-based paint decreases with
increasing distance from the NL/Taracorp site, but still exceeds 50 percent up to ring 8
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TECHNICAL APPENDIX A

Bivariate CTfrelations and Relationships Among the Data

Based on preliminary assessments, the list of variables used in U.S. EPA's analyses

was reduced to a manageable set of 31 variables. They may be characterized as follows,

using variable names in U.S. EPA's analyses and some receding for clarity:

Response variable LOGPBB = natural logarithm of blood lead;

Location LOGDIST = natural logarithm of distance from NL/Taracorp lead smelter, in

rings of about 1/8 mile, coded 1 to 10;

Environmental lead variables

LOGPBD = natural logarithm of dust lead concentration;

LOGPBDL = natural logarithm of dust lead loading;

LOGPBS = natural logarithm of soil lead concentration;

LOGPBW = natural logarithm of water lead concentration;

LOGXRFMN = natural logarithm of average lead paint loading measured by XRF, plus 1;

LOGCX1 = natural logarithm of interior lead paint loading times paint condition, plus 1;

LOGCXO = natural logarithm of exterior lead paint loading times paint condition, plus 1;

REFINISH = refinishing or paint removal done within last year (0 = no, 1 = yes);

DemograpMMttf household variables

AIRCONIX^Hfeonditioner used (0 = no, 1 = yes);

BLDCONH^W^uilding condition, with imputation (1, 2, or 3 if not missing; 1.389 if

missing);

CIGSDAY = number of cigarettes smoked per day;

EDUCYRS = educational attainment, in years;

INCOME = total household income, coded 0 to 9 in intervals of $5000;

LOGDSTLD = natural logarithm of total dust loading;

LOGYRS = natural logarithm of time at residence, in years;



NONWtflTE = parents Afro-American, Asian, Pacific Islander or Native American (0 if no,

1 if yes); Jft
~^^^ l̂̂ ^pNUMSMOHUf number of smokers in household;

R£NT_OWN = rental housing (0 if no, 1 if yes);

USEDSLAG = slag used as fill on property (0 = no, 1 = yes);

Indiridual child variables

AGE = child's age in years;

AGE2SQR = (age - 2 years), squared;

FOLK_MED = folk medicine used (0 = no, 1 = yes);

HRS_HOME = hours spent at home, per week;

MOUTHFR = mouthing frequency, coded 0, 1, 3, or 10 for never, almost never, once in a

while, a lot;

OUTPLHRS = hours spent playing outside, per day;

PAINTFR = frequency of eating paint, coded 0, 1, 3, or 10 for never, almost never, once

in a while, a lot;

PLAYFLR = hours spent playing on floor;

SEX = child's sex (0= male, 1 = female);

SUCKTHUM = child sucks thumb (0 = no, 1 = yes);

The correlations involve both household and environmental factors on a household unit level,

and individual child factors. U.S. EPA therefore calculated the correlation matrix from the

complete child data set, which implicitly weights each household or environmental

correlation^^^Knumber of children in that household. In U.S. EPA's opinion, from a risk

assessment^Mfctive, this is an appropriate weighting. Correlations calculated from the

household-level data set show little difference, however. The results are shown in the

Appendix. Tables A-l, A-2 and A-3. Table A-l shows the Pearson bivariate correlation

coefficients, in a triangular matrix format to avoid clutter. Since the correlation between

variables X and Y is the same as the correlation between variables Y and X, any entry not

found by looking for X in the row list and Y in the column list can be found at Y in the row

list and X in the column list. A correlation coefficient of 1 means a perfect positive linear



relationship exists, Y = a + bX, where b is a positive number. A correlation coefficient of

-1 means that^Rftfect linear relationship exists, where b is a negative number. A

correlation c^^Rent of 0 means that there is no linear relationship between the variables,

on average. Table A-2 gives the number of pairs of measurements in which both variables

are not missing, so that the correlation coefficient is calculated using only those pairs. Note

that there are many missing values, but that the pattern shifts depending on which pairs of

variables are being considered. The statistical significance (denoted P) of each correlation

coefficient is given in Table A-3. Note that because of the large sample size, even relatively

small correlation coefficients of about 0.1 are statistically significant by conventional criteria

(P < 0.05).



TABLE Al. PEARSON CORRELATION MATRIX FOR 31 VARIABLES
IN MADISON COUNTY LEAD STUDY

m ~
Response ^BKe

LOGPBB

Location Variable

LOGDIST

Environmental Variables

LOGPBD
LOGPBDL
LOGPBS
LOGPBW
LOGXRFMN
LOGCXI
LOGCXO
REFINISH

Household and
Demographic Variables

AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables

AGE ^IKF
AGE2SQR ^K2-

FOLK MED |̂H|-
MRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

Response

LOGPBB

1.000

. -0.257

0.307
0.425
0.249
0.084
0.105
0.163
0.077
0.114

-0.267
0.311
0.229

-0.292
-0.258
0.332

-0.082
0.107
0.161
0.222
-0.004

-0.039
-0.120
-0.018
0.109
0.030
0.229
0.049
0.052

-0.097
0.069

Location

LOGDIST

1.000

-0.243
-0.219
-0.522
-0.005
-0.066
-0.011
0.048
0.038

0.189
-0.266
-0.269
0.148
0.170

-0.051
0.039
0.180
-0.226
-0.117
0.054

-0.040
-0.037
-0.052
-0.056
-0.033
-0.167
-0.049
-0.038
0.095

-0.152

LOGPBD

1.000
0.824
0.440
0.023
0.393
0.432
0.360
0.085

-0.196
0.215
0.108

-0.078
-0.024
0.107

-0.013
-0.204
0.095
0.114
-0.038

0.053
0.046
-0.019
0.008
0.011
0.010
0.058
0.067
-0.061
-0.027

Environmental

LOGPBDL

1.000
0.433
0.011
0.381
0.405
0.301
0.056

-0.272
0.334
0.150

-0.166
•0.160
0.652

-0.016
-0.069
0.141
0.180
-0.003

0.069
0.049

-0.041
0.079
0.013
0.078
0.025
0.056

-0.076
0.011

LOGPBS

1.000
0.086
0.295
0.337
0.278
0.065

,

-0.149
0.180
0.168

-0.114
-0.112
0.174
-0.102
-0.183
0.158
0.198

-0.093

0.062
0.064
0.044

-0.010
0.019
0.081
0.016
0.049
-0.085
0.069



TABLE Al (cont'd). PEARSON CORRELATION MATRIX FOR 31 VARIABLES
IN MADISON COUNTY LEAD STUDY

^^g_ Environmental Variables

Environmenta^Hfcles
LOGPBW
LOGXRFMN
LOGCXI
LOGCXO
REFINISH

Household and
Demographic Variables

AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables

AGE
AGE2SQR
FOLK MED
MRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM^Bpl.

4K-
Household and " '
Demographic Variables
AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS

LOGPBW

1.000
0.022
0.038

-0.016
0.084

0.059
0.041

-0.173
0.105

-0.018
-0.007
0.014

-0.053
-0.023
0.028

-0.010

0.060
0.033
0.026

-0.128
-0.041
-0.016
0.057

-0.031
0.037
0.009

AIRCOND

1.000
-0.243
-0.241
0.375

LOGXRFMN

1.000
0.917
0.333
0.072

-0.032
0.058
0.009
0.005
0.007
0.146
0.018

-0.059
0.060

-0.064
0.050

0.039
0.050

-0.020
0.057
0.000
0.016
0.022
0.013

-0.052
0.022

Household
BLDCONIM

1.000
0.235
-0.335

LOGCXI

1.000
. 0.477

0.173

-0.083
0.119
0.002
0.016
0.025
0.133
0.055

-0.065
0.027

-0.001
Q.016

0.047
0.030

-0.030
0.019
0.037
0.045
0.013
0.046

-0.074
-0.017

and Demographic
CIGSDAY

1.000
-0.339

LOGCXO

1.000
0.013

-0.069
0.172
0.111
0.019
0.086
0.042
0.027

-0.215
0.067
0.041
0.039

0.076
0.054
-0.063
-0.012
0.034

-0.003
-0.043
0.093-

-0.058
-0.032

Variables

EDUCYRS

1.000

REFINISH

"

1.000

0.104
-0.139
0.030
0.029
0.059
-0.015
-0.008
-0.097
0.056

-0.018
0.000

0.044
0.045
0.033
0.054
0.089
0.054
0.054
0.005

-0.040
-0.012

INCOME



TABLE Al (cont'd). PEARSON CORRELATION MATRIX FOR 31 VARIABLES
IN MADISON COUNTY LEAD STUDY

«FHousehold an^^^K.
Demographic ^BP-
Variables
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG.

Individual and
Behavioral Variables
AGE
AGE2SQR
FOLK MED
MRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG
AGE
AGE2SQR ^^^
FOLK MED jJBt
HRS HOMEJ^Kf-
MOUTHFR^UJ.
OUTPLHRS •
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

AIRCOND

0.250
-0.215
0.123
-o:n6
-0.048
-0.150
-0.072

0.020
0.031

-0.053
-0.053
-0.026
-0.113
-0.050
0.051
0.073
-0.049

LOGDSTLD
1.000

-0.010
0.155
0.117
0.167
0.046
0.053
0.026

-0.048
• 0.124

. 0.008
0.124
-0.033
0.001

-0.046
0.053

BLDCONIM

-0.272
0.298
-0.064
-0.106
0.265
0.253
0.024

-0.001
-0.020
-0.034
0.029
0.039
0.134
-0.001
0.059

-0.024
0.083

LOGYRS

1.000
-0.101
-0.008
-0.372
-0.103
0.370
0.245
0.033

-0.083
-0.270
0.224
-0.030
-0.112
-0.034
0.080

CIGSDAY

-0.201
0.117

-0.045
-0.190
0.547
0.124 •
-0.049

0.061
0.013
0.032
0.073
-0.019
0.277
0.004
0.062

-0.081
0.080

NONWHITE

1.000
-0.122
0.177
0.004

-0.021
-0.026
-0.142
-0.010
-0.105
-0.062
-0.004
-0.146
0.057
0.067

EDUCYRS

0.357
-0.185
0.144

-0.114
-0.223
-0.273
-0.070

-0.006
-0.004
0.000
-0.086
0.037

-0.115
-0.041
-0.003
0.058

-0.095

NUMSMOKE

1.000
0.171
0.014
0.028 .
0.016

-0.106
0.019
0.003
0.212
-0.009
0.100
-0.031
0.039

INCOME

1.000
-0.257
0.247

-0.283
-0.165
-0.519
-0.140

0.014
0.025
0.048
-0.136
-0.054:
-0.033
-0.085
-0.006
-0.020
-0.089

RENT OWN

1.000
0.192
-0.049
-0.064
-0.103
0.035
0.010

-0.004
0.046
0.081
0.118
0.050



TABLE Al (cont'd). PEARSON CORRELATION MATRIX FOR 31 VARIABLES
IN MADISON COUNTY LEAD STUDY^mt*-̂ .̂.s•1USEDSLAG •̂"%-

Individual and
Behavioral Variables

AGE
AGE2SQR
FOLK MED
MRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

Individual and
Behavioral Variables

MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

SUCKTHUM

USEDSLAG
1.000

-0.017
-0.029
-0.032
0.036
0.031

-0.031
-0.054
-0.055
0.060

-0.033

MOUTHFR

1.000
-0.197
0.111
0.148
0.042

-0.190

SUCKTHUM
1.000

Individual
AGE

1.000
0.875

-0.002
-0.184
-0.496
0.420

-0.048
-0.275
-0.045
0.219

Individual
OUTPLHRS

1.000
-0.036
-0.170
-0.071
0.131

and Behavioral
AGE2SQR

1.000
-0.000
-0.159
-0.346
0.285

-0.049
-0.282
-0.051
0.149

and Behavioral
EATPNTFR

1.000
0.063

-0.056
0.027

Variables
FOLK MED

1.000
-0.016
-0.065
0.011
0.005
0.050
-0.039
0.056

Variables
PLAYFLR

1.000
-0.069
-0.032

MRS HOME

.

1.000
0.064

-0.010
-0.008
0.201
0.006
-0.064

SEX:

1.000
-0.079



TABLE A2. FREQUENCY TABLE OF THE NUMBER OF
NON-MISSING PAIRED OBSERVATIONS IN

'RRELATION MATRIX FOR THE MADISON COUNTY
ENVIRONMENTAL LEAD STUDY.

' • =^^=^^^^^^^^F=^^^^^^B^

LOGPBB
LOGDIST
LOGPBD
LOGPBDL
LOGPBS
LOGPBW
LOGXRFMN
LOGCXI
LOGCXO
REFINISH
AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG
AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM ^—^

W|
LOGPBW <^K$-
LOGXRFMN
LOGCXI
LOGCXO
REFINISH
AIRCOND
BLDCONIM
CIGSDAY

^^^^^^^3S^E3^S^^5^E^^S5E

LOGPBB
490
479
470
466
474
470
457 '
471
480
473
489
490
482
487
475
466
488
485
487
472
467
490
490
484
490
487
490
486
487
490
490

LOGPBW
470
450
464
462
454
470
470
464

LOGDIST

479
460
456
464
460
448
461
474
463
479
479
472
477
465
456
477
474
477
463
458
479
479
473
479
476
479
475
476
479
479

LOGXRFMN

457
457
449
441
457
457
453

LOGPBD

470
466
467
463
456
470
462
455
470
470
464
468
456
466
469
465
468
453
449
470
470
464
470
467
470
466
468
470
470

LOGCXI

471
463
455
471
471
465

LOGPBDL

466
463
459
454
466
458
451
466
466
462
464
452
466
465
461
464
449
445
466
466
460
466
463
466
462
464
466
466

LOGCXO

480
465
480
480
473

LOGPBS

474
467
454
468
466
458
474
474
468
472
460
463 :

473
469
472
457
453
474
474
468
474
471
474
470
472
474
474

REFINISH

473
473
473
467



TABLE A2 (cont'd). FREQUENCY TABLE OF THE NUMBER OF
NON-MISSING PAIRED OBSERVATIONS IN

:ORRELATION MATRIX FOR THE MADISON COUNTY
ENVIRONMENTAL LEAD STUDY.

EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG
AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

AGE JflKF
AGE2SQR ^B£
FOLK MED_Jfc»
HRS HOME'^^*"
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

LOGPBW
468
456
459
469
468
468
453 .
449
470
470
464
470
467
470
467
468
470
470

AIRCOND
489
489
482
487
475
466
487
484
487
472
467
489

. 489
483
489
486
489
48S
486
489
489

LOGXRFMN
455
443
454
456
452
455
440
436
457
457
451
457
454
457
453
455
457
457

BLDCONIM

490
482
487
475
466
488
485
487
472
467
490
490
484
490
487
490
486
487
490
490

LOGCXI
469
457
466
470
466
469
454
450
471
471
465
471
468
471
467
469
471
471

CIGSDAY

482
480
468
462
480
477
480
465
460
482
482
476
482
479
482
478
479
482
482

LOGCXO
478
466
458
478
475
478
463
460
480
480
474
480
477
480
476
478
480
480

EDUCYRS

487
473
464
485
482
485
470 .
465
487
487
481
487
484
487
483
484
487
487

REFINISH
471
459
451
471
468
471
458
454
473
473
467
473
470
473
469
470,
473
473

INCOME

475
452
473
470
475
458
453
475
475
470
475
472
475
471
473
475
475



TABLE A2 (cont'd). FREQUENCY TABLE OF THE NUMBER OF
NON-MISSING PAIRED OBSERVATIONS IN

TM«ORRELATION MATRIX FOR THE MADISON COUNTY
At ENVIRONMENTAL LEAD STUDY.

^
LOGDSTLD
LOGYRS
NONWH1TE
NUMSMOKE
RENT OWN
USEDSLAG
AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

USEDSLAG
AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

MOUTHFR M
OUTPLHRS J
EATPNTFR jj
PLAYFLR "^
SEX
SUCKTHUM

SUCKTHUM

Hf LOODSTLD
466
465
461
464
449
445
466
466
460
466
463
466
462
464
466
466

USEDSLAG
467
467
467
461
467
464
467
463
465
467
467

MOUTHFR
M£T 487

O -487
KE. 484
^KW'" 484

487
487

SUCKTHUM
490

LOGYRS

488
483
485
470
465
488
488
482
488
485
488
484
485
488
488

AGE

490
490
484
490
487
490
486
487
490
490

OUTPLHRS

490
486
487
490
490

NONWHITE

485
482
467
462
485
485
479
485
482
485
481
482
485
485

AGE2SQR

490
484
490
487
490
486
487
490
490

EATPNTFR

486
483
486
486

NUMSMOKE

487
470
465
487
487
482
487
484
487
483
484
487
487

FOLK MED

484
484
481
484
480
481
484
484

PLAYFLR

487
487
487

RENT OWN

472
452
472
472
466
472
469
472
468
469
472
472

HRS HOME

490
487
490
486
487
490
490

SEX

490
490



TABLE A3. MATRIX OF SIGNIFICANCE LEVELS
(PROBABILITIES) FOR VARIABLES IN THE

)ISON COUNTY ENVIRONMENTAL LEAD STUDY

Response Va^Hp^
LOGPBB

Location Variable

LOGDIST

Environmental Variables

LOGPBD
LOGPBDL
LOGPBS
LOGPBW

LOGXRFMN
LOGCXI
LOGCXO
REFINISH

Household and
Demographic Variables

AIRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables

AGE ~^fS^~
AGE2SQR ^K*
FOLK MED JHS.
HRS HOME*^^^"
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

LOGPBB

0.000

0.000

0.000 '
0.000
0.000
0.069
0.024
0.000
0.092
0.013

0.000
0.000
0.000
0.000
0.000
0.000
0.070
0.019
0.000
0.000
0.932

0.384
0.008
0.691
0.016
0.512
0.000
0.279
0.256
0.032
0.127

LOGDIST

0.000

0.000
0.000
0.000
0.915
0.162
0.816
0.301
0.412

0.000
0.000
0.000
0.001
0.000
0.276
0.392
0.000
0.000
0.012
0.244

0.378
0.423
0.262
0.223
0.472
0.000
0.289
0.403
0.038
0.001

LOGPBD

0.000
0.000
0.000
0.615
0.000
0.000
0.000
0.070

0.000
0.000
0.020
0.093
0.613
0.021
0.778
0.000
0.039
0.015
0.421

0.252
0.325
0.685
0.863
0.807
0.829
0.212
0.145
0.187
0.565

LOGPBDL

0.000
0.000
0.807
0.000
0.000
0.000
0.239

0.000
0.000
0.001
0.000
0.001
0.000
0.727
0.142
0.002
0.000
0.952

0.135
0.291
0.375
0.087
0.781
0.091
0.589
0.226
0.102
0.815

LOGPBS

0.000
0.064
0.000
0.000
0.000
0.165

,

0.001
0.000
0.000
0.013
0.017
0.000
0.026
0.000
0.001
0.000
0.047

0.176
0.165
0.340
0.834
0.674
0.079
0.726
0.293
0.064
0.134



TABLE A3 (cont'd). MATRIX OF SIGNIFICANCE LEVELS
(PROBABILITIES) FOR VARIABLES IN THE

COUNTY ENVIRONMENTAL LEAD STUDY•
Env iroamcnuWBUbles
LOGPBW
LOGXRFMN
LOGCXI
LOGCXO
REFINISH

Household and
Demographic Variables
ALRCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables
AGE
AGE2SQR
FOLK MED
MRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX

SUCKTHUM 4HlfF.

JK
Household and
Demographic Variables
A1RCOND
BLDCONIM
CIGSDAY
EDUCYRS
INCOME
LOGDSTLD

LOGPBW

0.000
0.642
0.411
0.732
0.073

0.205
0.372
0.000
0.023
0.698
0.884
0.755
0.255
0.616
0.551
0.839

0.191
0.476
0.581
0.006

.0.378
0.730
0.221
0.501
0.419
0.851

AIRCOND

0.000
0.000
0.000
0.000
0.000
0.000

LOGXRFMN

0.000
0.000
0.000
0.134

0.495
0.218
0.851
0.921
0.883
0.002
0.694
0.209
0.201
0.177
0.302

0.411
0.286
0.665
0.227
1.000
0.731
0.634
0.785
0.269
0.632

BLDCONIM

0.000
0.000
0.000
0.000
0.000

LOGCXI

0.000
0.000
0.000

0.073
0.010
0.962
0.734
0.599
0.004
0.233
0.160
0.565
0.978
0.743

0.305
0.511
0.525
0.679
0.423
0.335
0.782
0.317
0.110
0.709

CIGSDAY

0.000
0.000
0.000
0.012

LOGCXO

0.000
0.784

0.130
0.000
0.015
0.684
0.064
0.365
0.562
0.000
0.144
0.374
0.400

0.098
0.236
0.169
0.789
0.456
0.956
0.352
0.043 •
0.207
0.484

EDUCYRS

0.000
0.000
0.000

REFINISH

0.000

0.024
0.003
0.522
0.535
0.207
0.757
0.860
0.03?
0.226
0.700
1.000

0.337
0.332
0.481
0.243
0.054
0.243
0.239
0.919
0.381
0.801

INCOME

0.000
0.000



TABLE A3 (cont'd). MATRIX OF SIGNIFICANCE LEVELS
(PROBABILITIES) FOR VARIABLES IN THE
ISON COUNTY ENVIRONMENTAL LEAD STUDY^f^

LOGYRS W
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables

AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

Household and
Demographic
Variables
LOGDSTLD
LOGYRS
NONWHITE
NUMSMOKE
RENT OWN
USEDSLAG

Individual and
Behavioral Variables

AGE |̂ KF
AGE2SQR ^K£
FOLK MED^fe*
HRS HOME^*^"
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

: AIRCOND
0.007
0.011
0.290
0.001

. 0.122

0.654
0.494
0.245
0.240
0.566
0.013
0.267
0.260
0.108
0.282

LOGDSTLD

0.000
0.822
0.001
0.011
0.000
0.329

0.256
- 0.569

0.308
0.007
0.856
0.007
0.479
0.979
0.323
0.249

BLDCONIM
0.158
0.020
0.000
0.000
0.610

0.983
0.655
0.453
0.518
0.394
0.003
0.985
0.192
0.597
0.066

LOGYRS

0.000
0.026
0.852
0.000
0.026

0.000
0.000
0.465
0.066
0.000
0.000
0.508
0.014
0.453
0.078

CIGSDAY
0.329
0.000-
0.000
0.008
0.293

0.183
0.773
0.485
0.111
0.682
0.000
0.928
0.175
0.077
0.079

NONWHITE

0.000
0.007
0.000
0.929

0.650
0.568
0.002
0.820
0.022
0.170
0.926
0.001
0.213
0.139

EDUCYRS
0.001
0.012
0.000
0.000
0.130

0.892
0.934
0.994
0.057
0.417
0.011
0.364
0.947
0.205
0.037

NUMSMOKE

0.000
0.000
0.756

0.536
0.719
0.020
0.680
0.942
0.000
0.839
0.027
0.489
0.393

INCOME
0,000
0.000
0.000
0.000
0.003

0.753
0.582
0.300
0.003
0.243
0.470
0.064
0.888
0.664
0.054

RENT OWN

0.000
0.000

0.289
0.163
0.026
0.442
0.833
0.937
0.324
0.081
0.010
0.276



TABLE A3 (cont'd). MATRIX OF SIGNIFICANCE LEVELS
(PROBABILITIES) FOR VARIABLES IN THE

)ISON COUNTY ENVIRONMENTAL LEAD STUDY

mUSEDSLAG^Pf
AGE
AGE2SQR
FOLK MED
HRS HOME
MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

MOUTHFR
OUTPLHRS
EATPNTFR
PLAYFLR
SEX
SUCKTHUM

SUCKTHUM

USEDSLAG
0.000
0.711
0.526
0.487
0.435
0.509
0.499
0.246 •
0.240
0.197
0.472

MOUTHFR
0.000
0.000
0.014
0.001
0.351
0.000

SUCKTHUM
0.000

AGE

0.000
0.000
0.972
0.000
0.000
0.000
0.290
0.000
0.322
0.000

OUTPLHRS

0.000
0.428
0.000
0.115
0.004

AGE2SQR

0.000
0.996
0.000
0.000
0.000
0.282
0.000
0.263
0.001

EATPNTFR

0.000
0.164
0.217
0.556

FOLK MED

0.000
0.718
0.156
0.818
0.905
0.272
0.387
0.222

PLAYFLR

0.000
0.127
0.476

HRS HOME

0.000
0.159
0.830
0.869
0.000
0.898
0.158

SEX

0.000
0.082



TECHNICAL APPENDIX B

Confounfflng: Identification, Analysis, Remedies

1. Identification of Confounding

According to Stellman (1987), confounding is the 'cause of great angst among

epidemiologists". This term refers to the incorrect assignment of a response (such as

elevated blood lead concentration) to a given agent when in fact a third variable (the

confounder) ia responsible. A confounder must therefore be correlated with the effect or

response variable, and must also be so strongly correlated with the nominal causal agent as to

mask its effect on the response. It is also important that the confounder is not an

intermediate step in the causal path between exposure and response or outcome (Rothman

1986). This last requirement turns out to be the critical issue in modelling lead exposure for

Madison County children. However (Stellman 1987, p. 165), writes that "Rarely, however,

does confounding itself, especially from unidentified sources, live up to its reputation by

introducing seriously spurious associations/ U.S. EPA's first goal is to identify whether

confounding is a possibility in these data.

A more serious concern is "overcontrol", which occurs when a large number of non-

pollution variables are used in a statistical model in order to explain the observed response

with anything except the nominal causal agent. This can be done unconsciously, when an

investigator who has little understanding of the substantive issues in environmental exposure

to a pollutant throws in every variable that has been measured, including all possible

demographic and behavioral variables and their combinations and interactions, hoping that

the truth wUjgne out at the end of a complicated multivariate analysis. Whether done

deliberatelxj^^M. the consequence of an unguided search for predictive relationships is to

obscure trdoHMbnships with environmentrl pollutants. Unfortunately, the uninformed use

of sophisticated computer programs, such as those for stepwise regression modelling, makes

it easy to carry out an unguided search. U.S. EPA's second goal in this section is to devise

strategies for modelling the relationship of environmental lead to blood lead.

Identification of potential confounding in linear regression models (which will be used

exclusively here, as in the 1DPH report, but with two alternative specifications) u easily



between soillead and dust lead as to prevent estimation of separate contributions to blood

lead. Xf

It is JBKto recall here that Rothman (1986) excludes from confounding those

variables that characterize a causal pathway relationship between the nominal causal agent

and the response. Precisely this situation exists for soil lead, dust lead, and child blood lead,

with the confounder (dust lead) occupying an intermediate place between soil lead and blood

lead. This is discussed further in Section 6.



TABLE B-l. CONFOUNDERS AND COVARIATES OF
THE RELATIONSHIP BETWEEN

LOG BLOOD LEAD AND LOG SOIL LEAD

^B TABLE B-1A. STRONG CONFOUNDERS

VARIABLE

LOGPBDL
LOGDSTLD

BLDCONIM
LOGPBD
AIRCOND
LOGDIST
LOGPBS
CIGSDAY
RENT OWN
LOGCXI
NUMSMOKE

VARIABLE

EDUCYRS
INCOME
NONWHITE
LOGXRFMN

CORREL.
LOGPBB

0.425
0.332
0.311
0.307

-0.267
-0.257
0.249
0.229
0.222
0.163
0.161

TABLE
CORREL.
LOGPBB

-0.292
-0.258
0.107
0.105

P

0.000
0.000
0.000
0.000

. 0.000
0.000
0.000
0.000
0.000
0.000
0.000

RANK OF
CORREL.

1
2
3
4
6
8
9

10
12
13
14

CORREL.
LOGPBS

0.433
0:174
0.180
0.440

-0.149
-0.522
1.000
0.168
0.198
0.337
0.158

P

0.000
0.000
0.000
0.000
0.001
0.000

—
0.000
0.000
0.000
0.001

RANK OF
CORREL.

3
10
9
2

13
1

—
11
7
4

12

B-1B. WEAK CONFOUNDERS

P
0.000
0.000
0.019
0.024

RANK OF
CORREL.

5
7

18
19

CORREL.
LOGPBS

-0.114
-0.112
-0.183
0.295

TABLE Bl-C. COVARIATES OF LOG BLOOD

VARIABLE

OUTPLHRS
AGE2SQR
REFINISH
HRS HOME

SEX ^^e

VARIABLE ,

LOGCXO
LOGYRS
USEDSLAG

CORREL.
LOGPBB

0.229
-0.120
0.114
0.109

*~ -0.097

BLE Bl-D.
" CORREL.

LOGPBB

0.077
-0.082
•0.004

P
0.000
0.008
0.013
0.016
0.032

RANK OF
CORREL.

11
15
16
17
20

CORREL.
LOGPBS

0.081
0.064
0.065

-0.010
-0.085

P
0.013
0.017
0.000
0.000

LEAD

P
0.079
0.165
0.165
0.834
0.064

RANK OF
CORREL.

14
15
8
5

RANK OF
CORREL.

19
21
20

• 22
18

COVARIATES OF LOG SOIL LEAD

P
0.092
0.070
0.932

RANK OF
CORREL.

22
21
23

CORREL.
LOGPBS

0.278
-0.102
0.093

P

0.000
0.026
0.047

RANK OF
CORREL.

6
16
17



TABLE B-2. LATENT ROOTS (EIGENVALUES) OF
PREDICTOR VARIABLE PRINCIPAL COMPONENTSft

RANK

RANK

RANK

RANK

RANK

1

4.002

6

1.404

11

1.004 '

16

0.799

21

0.567

26

0.308

2

3.025

7

1.317

12

0.931

17

0.732

22

0.524

27

0.282

3

2.656

8

1.155

13

0.913

18

0.680

23

0.465

28

0.087

4

1.779

9

1.131

14

0.881

19

0.633

24

0.414

29

0.067

5

1.435

10

1.041

15

0.829

20

0.588

25

0.350

30

0.0000001
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TECHNICAL APPENDIX C

SAVE FILES FOR MODEL SENSITIVITY RUNS
GCFI2900.J ^^
soil-to-dust co^BRnt = 0.29
Lead paint chip absorption = 0 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
00.0000.0000.0000.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.0 0.00.135 3CLQ 30.0
0.00.00.13S|B|b.O
0.00.00.135-»Jo.O
o.oo.oo.ioo^Rfe.o
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
000
45.0 0.29 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
0.00 30.0
0.00 30.0



0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
1.600000 10.(
0.1000.333
20.000 0.333
10.0000.333
10.000 0.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.0000.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.00 0.50
0.20 0.20 0.20 0.20 0.20
1.01.01.01.01.0
9.01.06.00.0600.2000.060
1.01.01.01.0
9.009.002.00.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI3800.sv3
soil-to-dust coefficient = 0:385
Lead paint cl£0|eiption = 0 percent

0.1002.032
0.100 3.0 32.<
0.1005.032.03/0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0



0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
0 0.000 0.000 0.000 0.000
0.00.00.00.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
000
45.0 0.38 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
1.600000 10.(
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.0000.333
1.0000.333



100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.0000.333
0.000 0.333
0.0000.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.00 0.50
0.20 0.20 0.20 0.20 0.20
1.01.01.01.01.0
9.01.06.00.0600.2000.060
1.01.01.01.0
9.009.002.00.0
10.0 10.0 10.0 50.0
0.020200.0 1000.00.10
0.000.0030.00

GCFI5500.sv3
soil-to-dust coefficient = 0.55
Lead paint chip absorption = 0 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030,
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
00.0000.0000.0000.000
0.00.00.00.0



0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.00 10.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
000
45.0 0.55 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.0000.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.0000.333
0.000 0.333
0.0000.333
0.0000.333
0.000 0.333
0.000 0.333
1.001.001.001.001.00



0.30 0.30 0.50 0.00 0.50
0.20 o.20 0.20 ryao.20
i.o i.o i.o i.oMl
9.0 1.0 6.0 O.^K20a0.060
1.01.01.01.6^^
9.00 9.00 2.0 0.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI7000.sv3
soil-to-dust coefficient = 0.70
Lead paint chip absorption = 0 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
D. 100 00 30.0
5.53 50.0
5.78 50.0
6.49 50.0
6.2450.0
6.01 50.0
6.34 50.0
7.00 50.0
0 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0



0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 ••30.0
0.0 0.0 0.085«§30.0

45.0 0.70 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.00.00.00.00.0
0.00 30.0
0.00 30.0
0.0030.0
0.00 30.0
0.00 30.0
0.00 30.0
0.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.0000.333
0.0000.333
0.000 0.333
0.0000.333
0.000 0.333
0.0000.333
1.001.001.001.001.00
0.30 0.30 0.50 0.00 0.50
0.20 0.20 0.20 0.20 0.20
1.0 1.0 1.0 1.0 LQ.
9.0 1.0 6.0 GflKiZOO 0.060
1.01.01.0
9.00 9.00 2.(
10.0 10.0 10.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI2901.sv3



soil-to-dust coefficient = 0.29
Lead paint chipj^oiption = 1 percent

0.100 2.0 32.(
0.100 3.0 32.(
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.0050.0
0 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090
0.0 0.0

45.0 0.29 l o o m o 200.0
1200.0 200.0 200.0 200.0 1200.0
o.o o.o o.o o.b o.'o
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0

8



300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.C
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.01 0.50
0.20 0.20 0.20 0.20 0.20
1.01.01.01.01.0
9.0 1.0 6.0 0.060 0.200 0.060
1.01.01.01.0
9.009.002.00.0
10.0 10.0 10.0 50.0
0.020200.0 1000.00.10
0.00 0.00 30.0 0

GCFI3801.sv3
soil-to-dust coefficient = 0.385
Lead paint chip absorption = 1 percent

0.1002.032^
0.1003.03:
0.100 5.0 32.(
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0



5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
00.0000.0000.0000.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.5550.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
0 0 0
45.0 0.38 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.00.00.00.00.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.(
0.1000.333
20.000 0.333
10.0000.333
10.0000.333
10.0000.333
1.0000.333
100.0000.333

10



0.750 0.333
0.7500.333
0.000 0.333
0.000 0.333
0.000 0.333
0.0000.333
0.0000.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.01 0.50
0.20 0.20 0.20 0.20 0.20
1.01.01.01.01.0
9.0 1.0 6.0 0.060 0.200 0.060
1.01.01.01.0
9.00 9.00 2.0 0.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI5501.sv3
soil-to-dust coefficient = 0.55
Lead paint chip absorption = 1 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.0050.0
0 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0
0.20 50.0
0.5050.0

11



0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
0 0 0
45.0 0.55 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.00.00.00.00.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333'
0.000 0.333-
0.000 0.333"
0.000 0.333
0.000 0.333
0.000 0.333
1.001.001.001.00.1.00
0.30 0.30 0.50 0.01 0.50
0.20 0.20 0.20 0.20 0.20

12



1.01.01.01.01.0
9.01.06.00.0600.2000.060
1.0 1.0 1.0 l.(
9.009.002.0
10.0 10.0 10.(
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI7001.SV3
soil-to-dust coefficient = 0.70
Lead paint chip absorption = 1 percent

0.1002.032.01.0
0.1003.032.02.0
-0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
0 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0

13



0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 3M30.0

45.0 0.70 lOoflp.O 200.0
1200.0 200.0 HI 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.0000.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333

GCFI2902.sv3
soil-to-dust coefficient = 0.29
Lead paint chip absorption = 2 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.1
0.1007.032
0.1007.0
0.10000
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0

14



7.00 50.0
0 0.000 0.000 0_5OQO 0.000
0.0 0.0 0.0 0.(
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
000
45.0 0.29 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.000 0.332
1.0000.333
100.000 0.3:
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333

15



0.000 0.333
0.000 0.333
1.00 1.00 1.00]
0.30 0.30 0.5(
0.20 0.20 0.2C
1.01.01.01.01.0
9.01.06.00.0600.2000.060
1.01.01.01.0
9.00 9.00 2.0 0.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI3802.sv3
soil-to-dust coefficient = 0.385
Lead paint chip absorption = 2 percent

0.1002.032.01.0
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
00.0000.0000.0000.000
0.00.00.00.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.5850.0
0.59 50.0
04.001.004.0010,00
50.0 15.0
0.0 0.0 0.085 30.0 30.0

16



0.00.00.13530.030.0
0.00.00.135 3O030.0
0.0 0.0 0.135 •030.0
0.00.00.100»p30.0
0.0 0.0 0.0900^30.0
0.00.00.08530.030.0
0 0 0
45.0 0.38 100.0 200.0 200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.000000
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.0000.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.02 0.50
0.20 0.20 0.4B§0.20

9^0 1.0 6.0 ̂ K§200 0.060
1.0 1.0 1.0 l.Q
9.00 9.00 2.0 6.0'
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

17



GCFI5502.sv3
soil-to-dust coe;
Lead paint c

= 0.55
irption = 2 percent

0.100 2.0 32.<
0.1003.032.02.0
0.1005.032.03.0
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
0 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0
0.20 50:0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0

45.0 0.55 100.0 200.0 200.0
1200.0 200.0 200'.0 200.0 1200.0
0.00.00.00.00.0
240.00 30.0
400.00 30.0
400.00 30.0
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400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.(
0.1000.333
20.000 0.333
10.000 0.333
10.000 0.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
1.00 1.00 1.00 1.00 1.00
0.30 0.30 0.50 0.02 0.50
0.20 0.20 0.20 0.20 0.20
1.01.01.01.01.0
9.0 1.0 6.0 0.060 0.200 0.060
1.0 1.0 1.0 1.0
9.009.002.00.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0

GCFI7002.SV3
soil-to-dust coefficient = 0.70
Lead paint chip absorption = 2 percent

0.1002.03:
0.1003.032
0.1005.032
0.1005.032.04.0
0.1005.032.04.0
0.1007.032.04.0
0.1007.032.04.0
0.1000030.0
5.53 50.0
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5.78 50.0
6.49 50.0
6.24 50.0
6.01 50.0
6.34 50.0
7.00 50.0
00.0000.0000.0000.000
0.0 0.0 0.0 0.0
0.20 50.0
0.50 50.0
0.52 50.0
0.53 50.0
0.55 50.0
0.58 50.0
0.59 50.0
04.001.004.0010.00
50.0 15.0
0.0 0.0 0.085 30.0 30.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.13530.030.0
0.00.00.10030.030.0
0.0 0.0 0.090 30.0 30.0
0.0 0.0 0.085 30.0 30.0
0 0 0
45.00.70100.0200.0200.0
1200.0 200.0 200.0 200.0 1200.0
0.0 0.0 0.0 0.0 0.0
240.00 30.0
400.00 30.0
400.00 30.0
400.00 30.0
300.00 30.0
270.00 30.0
240.00 30.0
1.600000 10.(
0.1000.333
20.000 0.333
10.000 0.333
10.0000.333
10.000 0.333
1.0000.333
100.000 0.333
0.750 0.333
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0.750 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.000 0.333
0.0000.333
0.000 0.333
1.001.001.001.001.00
0.30 0.30 0.50 0.02 0.50
0.20 0.20 0.20 0.20 0.20
1.0 1.0 1.0 1.0 1.0
9.0 1.0 6.0 0.060 0.200 0.060
1.0 1.0 1.0 1.0
9.00 9.00 2.0 0.0
10.0 10.0 10.0 50.0
0.020200.01000.00.10
0.00 0.00 30.0 0
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UNITED STATES OF AMERICA, Plaintiff, v. OLIN CORPORATION,
Defendant .

PAGE

I CIVIL ACTION NO. 95.-0526-BH-S

> STATES DISTRICT COURT FOR THE SOUTHERN DISTRICT OF
ALABAMA, SOUTHERN DIVISION

1996 U.S. Dist. LEXIS 6996

May 20, 1996, Decided
May 20, 1996, FILED

DISPOSITION: [*l] Motion DENIED. Action DISMISSED with prejudice.

COUNSEL: For USA, acting at request of the Administrator of the United States
Environmental Protection Agency (EPA), plaintiff: Eugene A. Seidel, Esq., U. S.
Attorney's Office, Mobile, AL. Kathy Urbach, Assistant Regional Counsel,
Environmental Protection Agency, Atlanta, GA. Robert A. Kaplan, Environmental
Enforcement Section, U. S. Dept. of Justice, Washington, DC. Cheryl L. Smout, U.
S. Dept. of Justice, Environmental Enforcement Section, Washington, DC. Robert
R. Homiak, U. S. Dept. of Justice, Environmental Enforcement Section,
Environment & Natural Resources Div., Washington, DC.

For OLIN CORPORATION, defendant: T. Bruce McGowin, Esq., Mobile, AL. Caine
O'Rear, III, Esq., Mobile, AL. Arthur A. Rheingold, Chief Counsel, Olin
Corporation, Stamford, CT. Michael W. Steinberg, Morgan, Lewis & Bockius LLP,
Washington, DC. Alex S. Karlin, Morgan, Lewis & Bockius LLP, Washington, DC.

JUDGES: W B Hand, SENIOR DISTRICT JUDGE. Mag. Judge William H. Steele

OPINIONBY: W B Hand

OPINION: ORDER

The United States filed this action under the Comprehensive Environmental
Response, Compensation, and Liability Act ("CERCLA"), 42 U.S.C. §§ 9601, et
seq., [*2] against defendant Olin Corporation ("Olin"), a Virginia
corporation which owns and operates a chemical plant in Mclntosh, Alabama, in
southwest
state line
parties fi
brief cert
reasons state

on County, approximately 25 miles east of the Mississippi
miles north of the Gulf of Mexico. With the complaint, the
oposed consent degree. This court requested the parties to
,utory and constitutional issues relating to CERCLA. For the

Below, this court has determined that rather than signing the
consent decree, it must dismiss the action both because 1) Congress did not
clearly express its intent that the liability provision of CERCLA be
retroactive, as required by Landgraf v. USI Film Products, U.S. , 114 S.
Ct. 1483, 128 L. Ed. 2d 229 (1994) and 2) the application of CERCLA, at least on
the facts of this case, violates the Commerce Clause as interpreted in United
States v. Lopez, 514 U.S. , 115 S. Ct. 1624, 131 L. Ed. 2d 626 (1995).

I. THE COMPLAINT AND PROPOSED CONSENT DECREE

LEXIS-NEXIS
«.« r of ik> It*
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i of tbt IM* Elvnv pk V*



PAGE 3
1996 U.S. Dist. LEXIS 6996, *2

A. The Olin Property in the Complaint

In its coô ^̂ Rit, the Justice Department alleges that the Olin plant site in
Mclntosh, cô ^̂ Bing- [*3] 1,500 acres, contains two actionable sites. This
action concê JPfnly the first of two sites at the Olin property. "Site 1" nl
includes 20 acres on the southern edge of the property, on which an active
chemical-production facility operates. This site contains a number of."solid
waste-management units," both active and inactive, many of which have been
closed and treated for the removal of hazardous substances. n2 To the north and
northwest of the active chemical production facility are undeveloped tracts of
land. To the west of the facility is a brine-well field. Four thousand feet east
of the main plant area is a steep bluff which defines the edge of Site 2, n3 the
natural basin. n4

•Footnotes-

nl The government labels Sites 1 and 2 as the "first operable unit" ("OUI")
and the "second operable unit" ("OU2"), respectively. Site 1 includes all of the
land except for the approximately sixty two acres designated as Site 2. See n.3.

n2 Remedial-Investigation Report at 1-5.

HIn3 Site 2 consists of approximately 62 acres which form a natural basin lying
east of the plant, surrounded by wetlands, and adjacent to the Tombigbee River.
The government alleges that Olin (at the time known as Olin Mathieson) directed
surface runoff containing hazardous substances into Site 2, which discharges
into the Tombigbee River (the Tombigbee joins with the Alabama River to form the
Mobile River, which flows into Mobile Bay and then the Gulf of Mexico). However,
the costs which the federal Environmental Protection Agency ("EPA") claims it
has incurred and will incur for cleanup in Site 2, and any injunctions it may
seek regarding this effort at Site 2, are not part of this action. The
government plans to file a separate action regarding Site 2. See Complaint at p.
3, P 8. [*4]

n4 EPA Record of Decision at 5.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

The government alleges that in 1952 Olin Mathieson began operating a
mercury-cell chloralkali plant on Site 1 which generated and released wastewater
containing JjjSKf into Site 2 until 1974. This plant ceased operating in 1982.
n5 In 1955,̂ ^̂ Ke 1,. Olin Mathieson built a "crop-protection-chemicals" plant
which discĥ ^̂ wastewater into Site 2 until 1974. This plant also ceased
operating î r̂̂ ff" n6 As a result of the operation of these two plants (1950's -
late 1982), mercury and chloroform, which are alleged to be hazardous substances
under 42 U.S.C. S 9601(14), were released into Site 1.

- - - - - - - - - - - - - - - - -Footnotes- -

n5 EPA Record of Decision at 8.

n6 Id. at 10.

. - - - - - - _ _ _ - - - . - -End Footnotes-

LEXIS-NEXIS mi LEXIS-NEXIS Mi LEXIS-NEXIS
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Most of the alleged contamination resulting from the operation of these two
plants occurred prior to the effective date of CERCLA, December 11, 1980. n7
However, to tfMBctent that both of these plants also operated after CERCLA's
enactment, ^̂ Ĥ  i.e., from December 11, 1980, until late 1982, and to the
extent that ̂ Hv€at of continuing releases at and from Site 1 continues, as the
government â r̂ |%s, n8 the government also seeks to recover CERCLA cleanup costs
from Olin for post-enactment conduct.

. - . - . . . . - - . . _ _ . _ -Footnotes- -

n7 42 U.S.C. § 9601(22).

n8 Complaint, P 18.

- - - - - - - - - - - - - - - -End Footnotes-

In 1978, the company (whose name changed that year to Olin Corporation) built
a. diaphragm-cell caustic-soda/chlorine plant which it currently operates. There
is no allegation in the complaint that the operation of this plant has any
connection with the contaminants found on Site 1.

The Environmental Protection Agency ("EPA") listed the Olin plant site on the
"national priorities list" in September 1984. Cf. 42 U.S.C. § 9605; 40 C.F.RC<
Part 300. i

j

The complaint indicates that Olin conducted a "remedial investigation" of
Site 1, completed in July 1993, and then a "feasibility study" of proposed
responses to contamination at Site 1, completed in February 1994. In December
1994, the EPA executed its [*6) "record of decision" based on the remedial
investigation and the feasibility study. The record of decision provides a
remedy for the contamination of the alluvial aquifer which the agency contends
is consistent with CERCLA and the national contingency plan.

For present purposes, the court accepts the allegations of the complaint as
true and notes, in fairness, that Olin's answer admits many, while denying some,
of them. For example, the defendant admits that there have been releases in the
past, but denies that there is any threat of future release of hazardous
substances. The defendant also denies any imminent and substantial danger to the
public health or welfare, or the environment, because of actual or threatened
releases from Site 1.

B. The P̂ ^̂ t̂ Consent Decree and Remedial-Investigation Report

With thê m̂ -int, the Justice department filed a proposed consent decree,
n9 which both parties had signed. The government published notice thereof in the
Federal Register to afford the public opportunity for comment. 603 Fed. Reg.
36309, 36309-10 (1995). When the government received no comment within 30 days,
the parties jointly moved for the court to enter the consent decree. [*7]
See 42 U.S.C. § 9622(d)(2).

• Footnotes-

n9 Attached to the consent decree are two appendices. Appendix A is the
record of decision. Appendix B is a statement of work for Olin for Site 1.

LEXIS-NEXIS i§ LEXIS-NEXIS OH LEXIS-NEXIS
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•End Footnotes-

The conseflMMtcree runs to 71 pages. It makes the defendant, its officers,
directors, â K̂yone else associated with the defendant, liable for everything
even remotê ^̂ f̂eoci'ated with the clean-up of Site 1, including insuring the
automobiles^BB^fovernment uses in fulfilling and supervising the consent
decree.

Although the EPA estimates the present value of the cost of compliance to
Olin at $ 10,339,000, nlO the EPA has an almost unconstrained right to amend the
consent decree. Of course, the defendant may appeal, but the defendant must
direct the appeal to the EPA. The propriety of such procedures is beyond the
scope of this inquiry, yet defense counsel has acknowledged that the consent
decree gives the EPA carte blanche over the company treasury.

- - - - - - - - - - - - - - - - -Footnotes- -

nlO EPA Record of Decision at 39.

- - - - - - - - - - - - - - - -End Footnotes-
[*8]

Olin has committed itself to performing the actions which the consent decjpjse
specifically requires, regardless of whether the court approves of the decrefj;
nil however, it has sought to do so under the supervision of the Alabama t
Department of Environmental Management ("ADEM") rather than under the EPA. n!2
The ADEM has sought the same. Twice in May 1994, the ADEM's director wrote to
the EPA to request that the EPA allow the ADEM to implement the record of
decision for Site 1 under the Resource Conservation and Recovery Act, 42 U.S.C.
§§ 6901 et seq., and the Alabama Hazardous Waste Management and Minimization
Act, Ala. Code §§ 22-30-1 et sec., rather than CERCLA. In December 1994, the
EPA's regional administrator in Atlanta, Georgia, wrote the ADEM director to
convey the EPA's belief that it would be "premature at this time to defer" to
the ADEM. The regional administrator stated that accepting the state's proposal
would require modifying a permit under the Resource Conservation and Recovery
Act, which would "add this additional layer of involvement and federal resources
to the already complex situation." He further asserted that "continued
implementation under CERCLA insures [*9] consistency and decreases the
potential for conflict." n!3 Be that as it may, consistency and the decreased
potential for conflict are not necessarily synonymous with constitutionality.

........ -Footnotes- -

nil Def̂ ^̂ Bk of Law at 2.
^̂ ^̂ ^̂ ^̂ ^̂ ^̂ "

nl2 Tr. of Hr'g at 20.

n!3 Def.'s Mem. of Law at App. A.

............... -End Footnotes-

Four days after rejecting the ADEM's request, the EPA issued its record of
decision, the major portions of which require Olin to (1) pump and treat
additional ground water, (2) upgrade and extend the existing caps over closed
portions of Site 1, (3) increase monitoring of ground water, and (4) establish

LEXIS-NEXIS 3H LEXIS-NEXIS t LEXIS-NEXIS
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certain institutional controls. n!4

• - - _ _ _ - - _ -Footnotes- - - -

n!4 EPA R̂ HR~°f Decision at Unnumbered Page 2.

- . - . _ -End Footnotes- - -

ff
When the court inquired at oral argument why the defendant negotiated a

settlement and entered into this "consent" decree, counsel for the defendant
responded that it was [*10] "a pragmatic business judgment." It believed that
"the fastest and most expedient way to get the work performed would be to simply
go along with what the EPA sought here." n!5 Olin wanted to complete the work
and went along despite reservations about its legality nl6 and despite the
government's rigid dictation of the terms and conditions it would accept. n!7

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - - - -

n!5 Tr. of Hr'g at 20.

nl6 Id.

n!7 This is not an action in which anyone is trying to avoid a responsibility
to the environment; Olin has agreed to perform the proposed remedial actions^
called for in the consent decree. The fact that Olin, despite its reservations
about the fairness and even legality of the proposed consent decree, originally
went along with the EPA is a vivid testament to the powerlessness felt by this
citizen when forced to comply with various directives ordered by our
administrative state.

•End Footnotes -

In addition to the consent decree, the government filed n!8 a
remedial-investigation report, prepared by Woodward-Clyde Consultants [*llj
of Baton Rouge, Louisiana, in July 1993. The report documents
remedial-investigation activities under an amended work plan and was completed
under EPA supervision and ultimately with EPA approval. The objectives of the
remedial investigation were (1) to investigate the nature, lateral extent, and
vertical extent of contamination in order to ascertain the types,
concentrations, and distributions of waste in all potentially affected media,
such as the JMHteroundwater, soil, surface water, and sediment; (2) to
determine tl̂ ^̂ Kntial of the wastes to migrate beyond Site 1 and Site 2; and
(3) to assê ^̂ K̂current and potential risk to public health, welfare, and the
environment^HP^hortly after the government filed the remedial-investigation
report, the parties jointly informed the court that they neither needed nor
desired further discovery in this action. n20

. - _ - _ _ _ _ . _ _ _ _ _ _ . -Footnotes -

nl8 Tab 15.

n!9 Remedial-Investigation Report at 1-3.

n20 See tab 16, p.2.

LEXIS-NEXIS Hi LEXIS-NEXIS 1̂ LEXIS-NEXIS
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-End Footnotes

According•jMBBie remedial-investigation report, any contaminants [*12]
still at Sit̂ ^̂ Effect groundwater there mostly by migrating through the
alluvial aqû HK. This aquifer lies atop a miocene aquifer. n21 The
remedial-inva^Wg'ation report indicates that there is little or no migration
between the aquifers. The potential does exist for minimal migration along the
casing of an enormous well on Site 1; e.g., if the well were to develop a leak
in the casing and/or a rupture in the annular seal. If so, the potential
concentration of contaminants not only would be localized around the well, but
also negligible because the amount of water removed by this well is so great.

•Footnotes-

n21 "Constituents are not expected to be present in the Miocene Aquifer
beyond the lateral extent of hydrolic control of these active water supply
wells. No migration towards the boundaries of OU-1 is anticipated as long as
pumping of these wells continues at the current rates." Remedial-Investigation
Report at 5-57.

-End Footnotes-

Wells established around the site to contain any outward flow of contaminants
monitor the alluvial [*13] aquifer. Nothing shows that the alluvial aquiftu:
carries water across any state lines or into any river or other transportation
source that would take it across any state lines, nor is there any indication of
transport of contaminants through the air across state lines. n22

-Footnotes-

n22 At hearing, the government could only point to contaminants at Site 2
which potentially traveled across state lines. See Tr. of Hr'g. at 9-10, 16-17.

-End Footnotes-

Indeed, the record reflects that any contamination at Site 1 is of such
minimal proportions as not to constitute any hazard to the public. As stated in
the EPA Record of Decision:

The risk assessment indicates that only risks associated with potential future
on-site resî ŷ̂ x̂poaures to contaminated groundwater and surface soils would
not be witĥ ^̂ BTa acceptable risk range. The chemicals of concern would pose
unacceptabl̂ ^̂ K̂ if the on-site groundwater were used 'as a source of potable
water or if̂ BlBen: living on the site were exposed to contaminated surface
[*14] soils. Future use of this site as a residential area is considered
unlikely and thus the proposed remedial goals are directed at protecting the
groundwater for its maximum beneficial use. n23

. - _ - . - _ . . . - . - - - - -Footnotes- - - - -

n23 EPA Record of Decision at 23 (emphasis added).

- - - - - _ . . - -End Footnotes- - - -

LEXIS-NEXIS Wi LEXIS-NEXIS HI LEXIS-NEXIS
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C. REVIEW OF THE CONSENT DECREE

the initial willingness of the defendant to enter into a
consent" de this court has a duty to examine a consent decree not only to

determine wn|̂ Hr its factual and legal determinations are reasonable, but also
to ensure thâ nJne decree does not violate the Constitution, a federal statute,
or the controlling jurisprudence. E.g., Howard v. McLucas, 871 F.2d 1000, 1008
(llth Cir.) (citing United States v. City of Miami, 664 F.2d 435, 441 (5th Cir.
1981) (Rubin, J., concurring); Cotton v. Hinton, 559 F.2d 1326, 1330-31 (5th
Cir. 1977)), cert, denied, 493 U.S. 1002, 110 S. Ct . 560, 107 L. Ed. 2d 555
(1989) . The court, therefore, has made two requests for briefs, the first of
which directed [*15] the parties to brief whether CERCLA, as applied in this
case, is consistent with the Supreme Court's view of the Commerce Clause as
recently explained in United States v. Lopez, 514 U.S. , 115 S. Ct. 1624, 131
L. Ed. 2d 626 (1995) . While both parties have responded to this issue, the
defendant has also raised the issue of CERCLA' s retroactivity. The defendant
contends that Congress did not intend for CERCLA to be retroactive and that if
it did, CERCLA violates the Due Process Clause and unconstitutionally delegates
legislative power to the EPA. As a result of further direction from the court by
order of December 29, 1995, the Justice Department has responded to the
defendant's claims concerning retroactivity.

A frequently reaffirmed principle dictates that a court avoid deciding a ?"!
constitutional issue if a case can be disposed of on non-constitutional grounds.
See, e.g., Ashwander v. TVA, 297 U.S. 288, 347, 56 S. Ct. 466, 483, 80 L. Ed."'
688, 711 (1936) (Brandeis, J. , concurring). Therefore, before considering the
several constitutional issues, this court first addresses the statutory question
of whether Congress intended to make CERCLA retroactive.

II. CERCLA [*16] and Retroactivity

Although the retroactivity of CERCLA has been the subject of holdings in
other circuits, the issue has not been squarely addressed by the Eleventh
Circuit. In dicta, a panel of the Eleventh Circuit recently referred to CERCLA
as being retroactive. Virginia Properties Inc. v. Home Ins. Co., 74 F.3d 1131,
1132 (llth Cir., 1996). The issue of retroactivity, however, was not before at
court. n24 In another CERCLA case before this court recently, the parties failed
to raise the issue of CERCLA' s retroactivity, see Redwing Carriers, Inc. v.
Saraland Apartments ., LTD, 875 F. Supp. 1545 (1995); in its decision, however,
this court refused to apply certain regulations retroactively. 875 F. Supp. at
1565 ("SincejtfiMag is no such clear intent in FIFRA, see, e.g., 7 U.S.C. Sees.
136a(a), 13d̂ ^̂ £}, 1361, the court declines to apply registration cancellation
retroactive!

•Footnotes-

n24 Another reference to the retroactivity of CERCLA appears in an appendix
to a llth Circuit case, which is actually in a Georgia Supreme Court case
appended to the per curiam opinion on a state contract issue. See Claussen v.
Aetna Casualty, 888 F.2d 747, 751 (llth Cir. 1989).

- _ - . _ . _ . . . _ _ _ . . . -End Footnotes-
[*17]

LEXIS-NEXIS m LEXIS-NEXIS Il LEXIS-NEXIS
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Of chose federal decisions which have directly addressed Che issue of
CERCLA's retr^A^tivity, n25 none have declined Co apply CERCLA on reCroacCivicy
grounds. Nevĵ Ĥless, all of Chose cases were decided before Che Supreme
Courc's decî ^̂ Kin Landgraf v. USI Film Prods., U.S. , 114 S. CC. 1483
(1994), on w^Mpfthe defendant rescs ics argumenC against retroactivity. n26

-FooCnoCes-

n25 United States v. Monsanto Co., 858 F.2d 160 (4th Cir. 1988); United
States v. Northeastern Pharmaceutical & Chemical Co., 810 F.2d 726 (8th Cir.
1986; HRW Syscems v. Washington Gas, 823 F. Supp. 318 (D. Md. 1993); City of
Philadelphia v. Stepan Chemical, 748 F. Supp. 283 (E.D. Pa. 1990) ; Kelley v.
Solvent Co., 714 F. Supp. 1439 (W.D. Mich. 1989); O'Neil v. Picillo, 682 F.
Supp. 706 (D. R.I. 1988); United States v. Hooker Chemical and Plastics, 680 F.
Supp. 546 (W.D. N.Y. 1988); United States v. Dickerson, 640 F. Supp. 448 (D. Md.
1986); United SCates v. Ottati and Goss, Inc., 630 F. Supp. 1361 (D. N.H. 1985);
Town of Booncon v. Drew Chemical, 621 F. Supp. 663 (D. NJ. 1985) ; United States
v. Conservation Chemical Co., 619 F. Supp. 162 (W.D. Mo. 1985); United States v.
Shell Oil, 605 F. Supp. 1064 (D. Colo. 1985); Jones v. Inmont, 584 F. Supp. 1425
(S.D. Ohio 1984); United States v. South Carolina Recycling Disposal Co., 653 F.
Supp. 984 (D.S.C. 1984); United States v. Northeastern Pharmaceutical & Chemical
Co., 579 F. Supp. 823 {W.D. Mo. 1984); United States v. Price, 577 F. Supp. 1J.03
(D. N.J. 1983); Ohio v. Georgeoff, 562 F. Supp. 1300 (N.D. Oh. 1983); United';
States v. Wade, 546 F. Supp. 785 (E.D. Penn. 1982); Cf. Aetna Cas. & Sur. Co."',
Inc. v. Pintlar Corp., 948 F.2d 1507 (9th Cir. 1991); O'Neil v. Picillo, 883
F.2d 176 (1st. Cir. 1989); In the Matter of Penn Central, 944 F.2d 164 (3rd.
Cir. 1991); United States v. Kramer, 757 F. Supp. 397 (D.N.J. 1991). [*18]

n26 The defendant cites and seems to summarize an article entitled, "A Public
Policy Essay: Superfund Retroactivity Revisited," by George Clemon Freeman, Jr.,
published in the American Bar Association's Business Lawyer, vol. 50 at 663
(Feb., 1995) (hereinafter, "Freeman.") The author, a practicing attorney, who
was a member of the Superfund Section 301(e) Study Group, a congressional
advisory committee on the Act, and who has participated in litigation on the
retroactivity issue, see United States v. Northeastern Pharmaceutical & Chemical
Co., 810 F.2d 726 (8th Cir. 1986), argues that neither the text nor legislative
history demonstrate that Congress intended CERCLA to be retroactive. He has
previously made this argument. See Id. notes 16 - 18, and accompanying text. The
author contends:
If the question were before a federal court today in a case of first impression,
Superfund'sJMBBfiity provision, section 107 (a), could not meet the test of
statutory ĉ ^̂ K:tion set forth in Justice Stevens' majority opinion in
Landgraf. N̂ ^̂ Êthe text of the statute not its legislative history could
sustain ret̂ OT̂ r̂ve application. Nor could section 107(a) meet the more
restrictive test of Justice Scalia's concurrence, which looked only at the text
of the statute.
"Freeman" at 664-665 (footnotes omitted)

. - - - . . . _ . . . . . . . - -End Footnotes

[*19]

A.

The Justice Department has responded somewhat cavalierly to the issue of
CERCLA's retroactivity, contending the matter is "well settled" and unaffected
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by Landgraf:

Every court 'JlHB?* CERCLA retroactivity challenges has rejected the arguments
advanced her̂ ^̂ Kieed, courts have uniformly- held that (1) Congress clearly and
unequivocal l̂ HEended retroactive application of CERCLA and; (2) such a
liability sĉ ŵ is rationally related to a legitimate governmental interest.
The Supreme Court's decision in Landgraf v. USI Film Prods., 128 L. Ed. 2d 229,
114 S. Ct . 1483 (1994) announces no new constitutional rules, and in no way
impacts this case law.

See Pi's Mem. on the Retroactivity of CERCLA and Due Process Issues, p. 2. To
begin with, Justice errs in claiming that the lower federal courts have
"uniformly held that (1) Congress clearly and unequivocally intended retroactive
application of CERCLA." In fact, not all the courts which have applied CERCLA to
pre-enactment conduct have agreed that it is retroactive, n27 and those which
have actually analyzed the retroactivity issue have differed on whether Congress
was acting "clearly and unequivocally. " [*20] n28 More importantly,
Justice's observation that Landgraf "announces no new constitutional rules"
fails to assist this court with what is a significant non-constitutional
decision. n29 Written against the backdrop of several constitutional issues, the
Landgraf holding addresses a rule of statutory construction. Justice cannot
credibly contend that "the result in Landgraf is unremarkable." n30

Footnotes

n27 See United States v. South Carolina Recycling & Disposal, Inc., 653 F.
Supp. 984 (D.S.C. 1984) aff'd in part and vac. in part sub nom. United States v.
Monsanto Co., 858 F.2d 160 (4th Cir. 1988); Cf. United States v. Diamond
Shamrock Corp., [1982] 12 Envtl. L. Rep. (Envtl. L. Inst.) 20, 819 (N.D. Ohio
May 29, 1981); United States v. Price, 523 F. Supp. 1055 (D.N.J. 1981), aff'd,
688 F.2d 204 (3d Cir. 1982). South Carolina Recycling concluded that the act was
not "retroactive, " but applied CERCLA on the theory that because the previous
disposal continued to cause or threatened to cause releases after the Act's
effective date.

n28 See notes 31-34, infra.

n29 See n. 38, infra. [*21]

n30 "Pi's Mem. on the Retroactivity of CERCLA and Due Process Issues" at 4.
N-

_ „ _ _ ._ . _ -End Footnotes- - - - - - - - - - - - - - - - -

It is un̂ Hpgidable that Justice would attempt to dismiss Landgraf so
casually. n31 Landgraf certainly demolishes the interpretive premises o n which
prior cases had concluded CERCLA is retroactive. Landgraf does so in the course
of attempting to clarify confusion regarding the interpretive rules applicable
to retroactivity:

Our precedents on retroactivity left doubts about what default rule would apply
in the absence of congressional guidance, and suggested that some provisions
might apply to cases arising before enactment while others might not. Compare
Bowen v. Georgetown Univ. Hospital, 488 U.S. 204, 109 S. Ct. 468, 102 L. Ed. 2d
493 (1988) with Bradley v. Richmond School Bd., 416 U.S. 696, 94 S. Ct. 2006, 40
L. Ed. 2d 476 (1974).
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Landgraf, 114̂ ^̂ Zt. at 1495. In reaffirming the traditional presumption against
retroactive ̂ ^̂ Kation, Landgraf disapproves language in Bradley which had
appeared to Ĵ Ĥ̂ e that traditional presumption.

•Footnotes-

n31 See e.g. Ohio v. Georgeoff, 562 F. Supp. 1300, 1311 (N.D. Ohio, 1983)
("The Court is unable to declare that the statute evidences the 'imperative
character' required to overcome the presumption against retroactivity").

- - - - - - . . . _ -End Footnotes - - - - . _ _ _ . _ . _
[*22]

Bradley allowed an award of attorneys' fees for work done prior to the
effective date of the statute providing for attorneys' fees. The Supreme Court
stated it was doing so "on the principle that a court is to apply the law in
effect at the time it renders its decision, unless doing so would result in
manifest injustice or there is a statutory direction or legislative history to
the contrary." 416 U.S. at 711, 94 S. Ct. at 2016. The applicability of this
language was severely limited by Landgraf:

Although the language suggests a categorical presumption in favor of application
of all new rules of law, we now make it clear that Bradley did not alter the"^
well-settled presumption against application of the class of new statutes that
would have genuinely "retroactive" effect.

Landgraf, 114 S. Ct. at 1503 (emphasis in the original).

An early and influential case finding CERCLA retroactive, Ohio v. Georgeoff,
562 F. Supp. 1300 (N.D. Ohio, 1983), did exactly what Landgraf disapproves.
Georgeoff began quite appropriately by "initially determining the standard to be
applied in determining whether a statute should be applied retroactively."
[*23] 562 F. Supp. at 1306. While it acknowledged an "historical[] . . .
presumption favoring a prospective only application of a statute", n32 the court
otherwise approved of n33 and seemed to apply a presumption in favor of
retroactivity. The premises for the decision in Georgeoff were disapproved in
and are no longer tenable after Landgraf. As a result, Georgeoff and the cases
which rely on its analysis, -- and which do not do their own analysis -- cannot
be considered persuasive.

_ _ _ _ _ _ _ -Footnotes- - - - - - - - - - - - - - - - - -

n32 562 F!̂ip|f. at 1306.

n33 In footnotes, the court explained its view of the presumption:

Since the principal basis for the presumption against retroactivity is the
threat of raising a constitutional issue, the reduction of that constitutional
issue must necessarily reduce the need to interpret CERCLA to avoid raising that
constitutional issue. The weight of the presumption therefore being reduced, a
more lenient approach in reviewing claims that the presumption has been
over-ridden may be appropriate. 562 F. Supp. at 1306, n.7. (emphasis added)
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After Thorpe iK'adley, the presumption against retroactivity has arguably
been changed ̂ B̂fcresumption in favor of retroactivity. That presumption can
only be over-^BBn where there is a clear legislative directive to limit the
statute to a prospective application or the change in law would cause manifest
injustice to the party adversely affected. Id. at 1307, n.9. (emphasis added).

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - _ _ _ _ _ _

[*24]

Besides Georgeoff, only two other cases actually do analyze the issue of
retroactivity; the rest of the cases basically rely on one or more of these
three cases and other cases which cite these cases! Those other two cases which
do their own analyses are United States v. Shell Oil, Co., 605 F. Supp. 1064 (D.
Colo., 1985) and United States v. Northeastern Pharmaceutical & Chemical Co.,
Inc., 810 F.2d 726 (8th Cir., 1986), both of which also cite Georgeoff with
approval. See 605 F. Supp. at 1072 and 810 F.2d at 733. Unlike Georgeoff,
neither case explains how it is applying the presumption against retroactivity;
but like Georgeoff, both cases demonstrate little regard for the presumption.
Following an analysis unlike that of Landgraf n34 and after quoting Georgeoff,
Id. at 1072, Shell Oil concludes that CERCLA is "unavoidably retroactive." !<_&
at 1073. It does so on the basis of CERCLA's "general purpose and scheme." n35
Under Landgraf, however, the fact "that retroactive application of a new statute
would vindicate its purpose more fully . . . . is not sufficient to rebut the
presumption against retroactivity." 114 S. Ct. at 1507-8. [*25] Other than
its discussion of "general purpose and scheme," Shell Oil does not explain
precisely what overrides the presumption against retroactivity. n36 As for
Northeastern, on which Justice relies, the case treats the presumption itself
rather lightly, devotes only one sentence to the statutory language, relies on
Shell Oil and Georgeoff among other cases, and offers one paragraph about the
"statutory scheme." n37

•Footnotes-

n34 "Before turning to a close analysis of specific statutory provisions and
their accompanying legislative history, I will review the general purpose and
scheme of CERCLA," 605 F. Supp. at 1069.

n35 See

n36 Addit̂ ^̂ Bjr, both Shell Oil and Northeastern also rely upon an argument
disapproved ̂M-Pfcandgraf. Specifically, these two cases argue that the
affirmative preclusion of recovery for damages occurring before CERCLA's
enactment in § 107(f), the natural resource liability section, indicates
congressional intent for the other liability sections to operate retroactively.
See Shell Oil, 605 F. Supp. at 1076 and Northeastern, 810 F.2d at 736. Noting
that, "it would be surprising for Congress to have chosen to resolve [the
retroactivity issue] through negative inference," the Landgraf Court found a
remarkably similar argument to be unpersuasive. 114 S. Ct. at 1493-1494.
[*26]

n37 The courts' discussion is as follows with reference to the presumption
itself emphasized:

H| LEXIS-NEXIS |H LEXIS-NEXIS ĵj LEXIS-NEXIS
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The district court correctly found Congress intended CERCLA to apply
retroactively. Id. at 839. We acknowledge there is a presumption against the
retroactive fMAAcation of the statutes. See United States v. Security
Industrial B̂ K̂l59 U.S. 70, 79, 103 S. Ct. 407, 413, 74 L. Ed. 2d 235 (1982) .
We hold, hov̂ K̂ that CERCLA § 302 (a) , 42 U.S.C. § 9652 (a) , is "merely a
standard 'erW^Rve date' provision that indicated the date when an action can
first be brought and when the time begins to run for issuing regulations and
doing other future acts mandated by the statute." United States v. Shell Oirl
Co., 605 F. Supp. 1064, 1075 (D. Colo. 1985); cf. Von Allmen v. Connecticut
Teachers Retirement Board, 613 F.2d 356, 359-60 (2d Cir. 1979) (veterans
statute).

Although CERCLA does not expressly provide for retroactivity, it is
manifestly clear that Congress intended CERCLA to have retroactive effect. The
language used in the key liability provision, CERCLA § 107, 42 U.S.C. § 9607,
refers to actions and conditions in the past tense: "any person who at the time
of disposal of any hazardous substances owned or operated," CERCLA S 107(a)(2),
42 U.S.C. § 9607(a) (2), "any person who . . . arranged with a transporter for a
transport for disposal," CERCLA S 107(a)(3), 42 U.S.C. § 9607(a)(3), and "any
person who . . . accepted any hazardous substances for transport to ... sites
selected by such person," CERCLA § 107(a)(4), 42 U.S.C. S 9607(a)(4). See, e.g.,
United States v. Conservation Chemical Co., 619 F. Supp. 162, 220 (W.D. Mo.
1985); United States v. Shell Oil Co., 605 F. Supp. at 1069-73; United State^'v.
South Carolina Recycling & Disposal, Inc., 20 Env't Rep. Cases (BNA) 1753, '_'•.
1760-62 (D. S.C. 1984) (The court in United States v. South Carolina Recycling &
Disposal, Inc., 20 Env't Rep. Cases (BNA) 1753, 1760 (D. S.C. 1984), noted
CERCLA does not apply "retroactively" because it does not impose liability for
past conduct; rather, CERCLA imposes liability upon those parties responsible
for causing certain conditions, that is, the release or threatened release or
hazardous substances, that are the present or future results of their past
actions.); United States v. A & F Materials Co., 578 F. Supp. at 1259; United
States v. Price, 577 F. Supp. 1103, 1111-12 (D. N.J. 1983); Ohio ex rel. Brown
v. Georgeoff, 562 F. Supp. 1300, 1312 (N.D. Ohio 1983); United States v.
Outboard Marine Corp., 556 F. Supp. 54, 57 (N.D. 111. 1982); United States v.
Reilly Tar & Chemical Corp., 546 F. Supp. 1100, 1113-14 (D. Minn. 1982); see
generally Developments in the Law -- Toxic Waste Litigation, 99 Harv. L. Rev.
1498 (1986) (Developments).

Further, the statutory scheme itself is overwhelmingly remedial and
retroactive. CERCLA authorizes the EPA to force responsible parties to clean up
inactive or̂ ^̂ kined hazardous substance sites, CERCLA S 106, 42 U.S.C. S 9606,
and author î ^̂ Rleral, state and local governments and private parties to clean
up such sit̂ ^̂ K-theri seek recovery of their response costs from responsible
parties, CĤ JJp. 104, 107, 42 U.S.C. §§ 9604, 9607. In order to be effective,
CERCLA must reach past conduct. CERCLA's backward-looking focus is confirmed by
the legislative history. See generally, H.R.Rep. No. 1016, 96th Cong., 2d Sess.,
reprinted in 1980 U.S. Code Cong. & Ad. News 6119 (CERCLA House Report).
Congress intended CERCLA "to initiate and establish a comprehensive response and
financing mechanism to abate and control the vast problems associated with
abandoned and inactive hazardous waste disposal sites." Id. at 22, 1980 U.S.
Code Cong. & Ad. News at 6125.
310 F.2d at 732-33 (emphasis added).

-End Footnotes-
[*27]
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It is understandable that, prior to Landgraf, lower federal courts would have
tended to minimize the importance of the presumption against retroactivity given
some Supreme^««t-precedents. Landgraf reflects the different views on the
Court about ̂ ^̂ g61 some of its precedents, in particular Bradley v. Richmond
School Bd., ̂ f̂-s- 696« 94 s- Ct. 2006, 40 L. Ed. 2d 476 (1969) and a case on
which it rel^i^FThorpe v. Housing Authority of Durham, 393 U.S. 268, 89 S. Ct.
518, 21 L. Ed. 2d 474 (1969), have been consistent with other Supreme Court
precedents. The dissenting opinion in Landgraf remarks on the majority's
"eagerness to resolve the 'apparent tension' . . . between Bradley v. Richmond
School Bd. . . . and Bowen v. Georgetown University Hospital", 114 S. Ct. at
1508 (Blackmun, J., dissenting) (citations omitted) . The concurring opinion
simply says that Bradley and Thorpe "invented an utterly new and erroneous
rule." Id. at 1523 (Scalia, J., concurring). On the one hand, the majority
"begin [s] by noting that there is no tension between the holdings in Bradley and
Bowen." Id. at 149 (emphasis in the original). Later, however, [*28] the
majority isolates and limits the troublesome language in Bradley, quoted above,
which created the confusion about the strength of the presumption against
retroactivity. whether Bradley actually is or is not at odds with pre and
post-precedent need not concern this court. It suffices to recognize that,
contrary to the assertion by Justice, Landgraf does at least clarify the
analysis of retroactivity and, therefore, does "impact this case." n38

• Footnotes-

n38 See also Leonard Charles Presberg, The Civil Rights Act of 1991,
Retroactivity, and Continuing Violations, 28 U. Richmond L. Rev. 1363,
(1994) ("Prior to Landgraf, the Court had utilized two conflicting presumptions
regarding the retroactivity of civil legislation."); Nelson Lund, Retroactivity,
Institutional Incentives, and the Politics of Civil Rights, 1995 Pub. Int. L.
Rev. 87 (1995) ; Duncan B. Hollis, Employment Discrimination Law, Statutory
Retroactivity, 36 B.C. L. Rev. 373, 385 (1995) ("Beyond the scope of § 1981
cases, however, Rivers, in conjunction with Landgraf, does much to resolve the
confusion surrounding what test a court should apply when a case implicates a
statute enacted after the violative conduct occurred").

- - - - - - - - - - - E n d Footnotes- - - - - - - - - - - - - - - - -
1*29]

B.

The majoî ^̂ rainion in Landgraf sets forth an analysis which, as here
summarized, ̂^̂ Kres~ a court 1) to determine a) whether Congress has expressly
stated the ̂ ^̂ B̂a re'ach and b) if not, whether the text and legislative
history havMlHkcly prescribed" Congress' intent to apply the provision
retroactively; 2) if not, to determine whether the provision actually has
"retroactive effect on the party or parties in the litigation,-" and 3) if so, to
apply the traditional presumption against retroactivity -- absent a clear
congressional intent to the contrary.

The majority opinion's approach breaks down as follows:

1) In the last sentence of Part II of the opinion, the majority says: "Our
first question, then, is whether the statutory text...manifests an intent that
the 1991 Act should be applied to cases that arose and went to trial before its
enactment." 114 S. Ct. at 1492. What follows in Part III of the opinion, 114
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S. Ct. at 1493-96, is an analysis of the arguments based on the text and
legislative history. At the end of this section, the majority determines: "in
the absence °flHB Kind of unambiguous directive found in Sec. 15 of the 1990
bill [which ê Ĥiitly [*30] provided for .retroactivity] , we must look
elsewhere foẑ HKance on whether Sec. 102 applies to this case." 114 S. Ct. at

2} Part IV of the opinion, 114 S. Ct. at 1496-1505, discusses the presumption
against retroactivity. The majority notes the "'apparent tension'" between the
different canons of construction found in Bradley as opposed to other Supreme
Court precedents. Id. at 1496. The Court concludes this section with the
following framework for analysis:

When a case implicates a federal statute enacted after the events in suit, the
court's first task is to determine whether Congress has expressly prescribed the
statutes' reach. If Congress has done so, of course, there is no need to resort
to judicial default rules. When, however, the statute contains no such express
command, the court must determine whether the new statute would have retroactive
effect, i.e., whether it would impair rights a party possessed when he acted,
increase a party's liability for past conduct, or impose new duties with respect
to transactions already completed. If the statute would operate retroactively,
our traditional presumption teaches that it does not govern absent [*31]
clear congressional intent favoring such a result. £,'

Id. at 1505. (emphasis added).

3) In Part V of the opinion, 128 L. Ed. 2d 229, 1994 U.S. LEXIS 3292 *71, 114
S. Ct. 1483, 1505-1508, the majority "ask[s] whether, given the absence of
guiding instructions from Congress, Sec. 102 of the Civil Rights Act of 1991 is
the type of provision that should govern cases arising before its enactment."
114 S. Ct. at 1505. They find the new damages remedy to have a retroactive
effect and conclude it "is the kind of provision that does not apply to events
antedating its enactment in the absence of clear congressional intent," 114 at
1506. The section proceeds without reconsidering its earlier discussion of
congressional intent -- other than to reject as insufficient to overcome the
presumption against retroactivity the argument that "retroactive application of
a new statute would vindicate its purpose more fully" 114 S. Ct. at 1507
(footnote omitted) --to conclude that they "have found no clear evidence of
congressional intent that Sec. 102 of the Civil Rights Act of 1991 should apply
to cases arising before its enactment." 114 S. Ct. at 1508.

In the fr̂ ^̂ Ek of analysis as quoted above in 2) , the first step involves
only a deter̂ ^̂ Bon t*32] of whether Congress has made an express statement
concerning njmpivity; other evidence of "clear congressional intent" is left
to step three. In the opinion itself, however, the Court considers both express
and other evidence of congressional intent in the first step. As reflected from
the quotes from Parts II and III of the opinion, see 1) , the Court does not
clearly differentiate between express language and other clear language of
intent from the statute or legislative history. While it does not seem to matter
whether the discussion of intent is confined to step one or divided between step
one and step three, the analysis here follows what Landgraf in fact does.

1. Has Congress expressed its intent on CERCLA retroactivity?
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CERCLA contains no language explicitly stating it is retroactive. n39 Under
language in someSupreme Court opinions, that failure would be fatal for
retroactivit^Bplted States v. Heth, 7 U.S. 399, 3 Cranch 399, 414, 2 L. Ed.
479 (1806). ̂ Ĥ̂ ng, J.) ("It [is] unreasonable in my opinion, to give the law
a constructii^^Bfich would have such a retrospective effect, unless it contained
express wordsH:o that purpose.") While Landgraf [*33] demonstrates a
preference for express language regarding retroactivity n40 and seems to warn
Congress about the danger of not being explicit, n41 its discussion of other
(i.e., non-express) statutory language and legislative history establishes that
these should be considered in determining congressional intent.

-Footnotes-

n39 As Justice and the other parties in Georgeoff agreed, "there are no
unequivocal statements in the [CERCLA] statute indicating a Congressional intent
to make it apply retroactively." 562 F. Supp. at 1309.

n40 See discussion in B., supra and n. 41, infra.

n41 Although the passage of the, 1990 bill may indicate that a majority of
the 1991 Congress also favored retroactive application, even the will of the
majority does not become law unless it follows the path charted in Article I,. §
7, cl. 2 of the Constitution. See INS v. Chadha, 462 U.S. 919, 946-951, 103 &
Ct. 2764, 2781-2784, 77 L,. Ed. 2d 317 (1983). ~*

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

a) Non-Express Statutory Language.

In resolving retroactivity [*34] issues, Landgraf instructs that the
answer may vary among provisions within an act. 114 S. Ct. at 1494 and 1505.
Accordingly, the analysis focuses on the particular provisions of CERCLA, at
issue in the complaint, Sections 106(a) n42 and 107(a). n43 Under Section 106(a)
the government seeks injunctive relief in the first claim of the complaint.
Although injunctive relief is ordinarily prospective, when it requires a party
to spend funds related to actions taken prior to CERCLA's enactment, such relief
is nevertheless retroactive. See Georgeoff 562 F. Supp. at 1303-05. Thus to the
extent that the government's claims under 106(a) and 107(a) relate to actions
taken prior to the effective date of CERCLA, they involve the issue of
retroactivity.

- - - - - - -Footnotes- - - - - - - - - - - - - - - - - -

of CERCLA, 42 U.S.C. § 9606(a), provides in pertinent

In addition to any other action taken by a State or local government, when the
President determines that there may be an imminent and substantial endangerment
to the public health or welfare or the environment because of an actual or
threatened release of a hazardous substance from a facility, he may require the
Attorney General of the United States to secure such relief as may be.necessary
to abate such danger or threat, and the district court of the United States in
the district in which the threat occurs shall have jurisdiction to grant such
relief as the public interest and the equities of the case may require.
[*3S]
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n43 Section 107 (a) of CERCLA, 42 U.S.C. § 96007 (a), provides, in pertinent
part :

(1) the ownê B̂K operator of a vessel or a facility; [and]

(2) any perŝ H&o at the time of disposal of any hazardous substance owned or
operated any facility at which such hazardous substances were disposed of ...

shall be liable for --

(A) all costs of removal or remedial action incurred by the United States
Government ... not inconsistent with the national contingency plan ....

-End Footnotes-

The Justice Department devotes little attention to statutory language as
evidence of congressional intent. To the extent it does, Justice's brief relies
on Northeastern's observation that "the language used in the key liability
provision, CERCLA § 107 ... refers to actions and conditions in the past tense."
Northeastern, 810 F.2d at 733. Georgeoff, after a more extensive analysis, finds
the use of the past tense not dispositive. n44 Even while finding other terms
supportive of retroactivity, Georgeoff states that the statutory provisions are
insufficient to overcome the presumption 1*36] of retroactivity.

Despite these statutory arguments, the Court is unable to declare that the
statute evidences the "imperative character" required to overcome the
presumption against retroactivity. Regardless, these provisions provide some
evidence that Congress intended CERCLA to apply retroactively. The Court,
therefore, will consider these statutory terms as indicia, but not dispositive
indicia, of a Congressional intent to allow retroactive application of CERCLA.

562 F. Supp. at 1311. Shell Oil agrees with Georgeoff. n45 Georgeoff's and Shell
Oil's conclusion that the statutory language in CERCLA is not sufficient to
establish retroactivity is persuasive. Although Northeastern arguably n46
reaches a contrary conclusion, it does so without conducting nearly as extensive
an analysis as done in Georgeoff. This court concludes, therefore, that the
language of section 107 provides "no clear evidence of Congressional intent," as
required by Landgraf, that CERCLA's liability provisions be given retroactive
effect.

• Footnotes-

n44 See.̂ ^̂ Kllv 562 F. Supp. at 1309 - 11. "It will be unnecessary to
construe thê Bra 'accepted' to apply to pre-enactment conduct to give it
effect. 'Accepted' may apply to pre-enactment conduct, but the Statute does not
require such an application." Id. at 1310. [*37]

n45 "I find and conclude that congressional intent to either impose or
withhold liability for response costs incurred before CERCLA cannot be divined
from the verb tenses in § 107 (a)." 605 F. Supp. at 1073.

n46 Despite the language cited in n. 37, supra. Northeastern goes on to
follow the Shell Oil analysis and cites approvingly that court's finding that
congressional intent to impose liability for pre-enactment response costs
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cannot be divined from the verb tenses in § 107(a). See 810 F.2d at 735.

- - - - - - -End Footnotes- - - - - - - - - - - -

Section IC^Mfctains no language indicating congressional intent to authorize
relief that i^retreactive. n47 If anything, the language suggests the very
argument, later made by Justice, that CERCLA liability is not "retroactive." The
pertinent language of § 106 borrows from law on the abatement of nuisance; it
refers to "an imminent and substantial endangerment to the public health or
welfare or the environment" and provides "such relief as may be necessary to
abate such danger or threat." n48 Georgeoff records Justice's unsuccessful
attempt to argue that, although it reaches [*38] pre-enactment conduct,
legislation designed to alleviate a continuing public nuisance does not act
retroactively." 562 F. Supp. at 1304. United States v. So. Carolina Recycling
and Disposal Inc., 653 F. Supp. 984 (D. S.C., 1984), on the other hand, adopts
that argument. n49 As discussed below, Landgraf now precludes such attempts to
avoid the issue of retroactivity. The fact that in the early cases Justice
thought it necessary to argue, at least in the alternative, that CERCLA is not
retroactive certainly indicates Justice's initial concern that courts might not
find a clear congressional intent that CERCLA be applied "retroactively."

- - - - - - -Footnotes- - - - _ - . . .

£
n47 See 106(a) quoted in n. 42, supra. i

n48 Id.

n49 "Although liability under CERCLA is premised in part upon conduct which
occurred prior to CERCLA's enactment in 1980 this court does not consider
CERCLA 'retroactive' in the constitutional sense as applied to the facts of this
case." 653 F. Supp. 984, 996.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

b) Legislative History.

CERCLA itself has [*39] almost no legislative history.

Although Congress had worked on "Superfund" cleanup of toxic and hazardous
waste bills, and on parallel oil spill bills for over three years, the actual
bill which bMMH£?ublic Law No. 96-510 had virtually no legislative history at
all, becauŝ ^̂ B̂ill which became law was hurriedly put together by a
bipartisan ^̂ ^̂ Vhip group of Senators--with some assistance of their House
counterpart'î HBBtoduced and passed by the Senate in lieu of all pending
measures on the subject. It was then placed before the House, in the form of a
Senate amendment of the earlier House bill. It was considered on December 3,
1980, in the closing days of the lame duck session of an outgoing Congress. It
was considered and passed, after very limited debate, under a suspension of the
rules, in a situation which allowed for no amendments. Faced with a complicated
bill on a take-it-or-leave-it basis, the House took it, groaning all the way.

Frank P. Grad, Treatise on Environmental Law Sec. 4A.02[2][a], at 4A-51 (1994).
(footnote omitted) (Hereinafter, "Grad") (emphasis added).
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The unusual lack of legislative history, as reflected by the failure even to
produce (*40] a House — Senate Conference Report, is attributable to "the
delicate nat4MBf the compromise" which led to passage, according to the
Preface to t̂ ^̂ fcagressional Research Service Legislative History. nSO Much of
what passes ̂ ^Kegislative history of CERCLA, therefore, cornea from "bills
introduced wwRff-contributed to some extent to the final act." nSl

- Footnotes-

n50 "A Legislative History of the Comprehensive Environmental Response
Compensation, and Liability Act of 1980 (Superfund), public Law 96-51Q." Comm.
on Environment and Public Works, U.S. Senate, 97th Cong., 2d Sess. Vol. 1 at
VII.

nSl Grad at 4A-51.

- - - - _ _ - - . _ . -End Footnotes- - - - - - - - - - - - - - - -

In Landgraf, the Supreme Court does consider a prior bill as part of its
review of the legislative history. The Court places some weight on the fact that
a bill vetoed in the previous year had explicitly provided for retroactivity.
The legislative history considered in Landgraf comes not from committee reports,
but from the language of the prior bill itself. The fact that the later enaqged
legislation [*41] had no such provision prompts the Court to infer: "it sterns
likely that one of the compromises that made it possible to enact the 1991
version was an agreement not to include the kind of explicit retroactivity
command found in the 1990 bill," 114 S. Ct. at 1495 (emphasis in the original).

As acknowledged in Georgeoff, "the precise issue of retroactivity. . .was not
addressed in Congressional debates," 562 F. Supp. at 1311, including debate on
prior bills. Id. Under Landgraf, that fact would seem to be nearly fatal to any
attempt to overcome the presumption against retroactivity.

The Justice Department attempts to distinguish CERCLA from the civil rights
statute considered in Landgraf because no bill prior to CERCLA explicitly
provided for retroactivity. See "Pi's Mem. on Retroactivity" at 4-5. That fact,
however, does not strengthen the case for retroactivity. It only means that what
Justice and other courts have labeled the legislative history of CERCLA may not
be as clear as was the legislative history of the Civil Rights Act considered in
Landgraf. It still remains for Justice to demonstrate that the legislative
history doeŝ Httain clear intent of CERCLA' s [*42] retroactivity. In
attempting ̂^̂ ITso, Justice contends that the "history, as analyzed by the
courts, den̂ ^̂ K̂te? unequivocally that Congress was concerned about past,

^̂ Jp of disposal." "Pi's Mem" at 8 .

The argument of Justice, relying as it does on past cases, fails to overcome
the presumption against retroactivity because those prior cases do not follow
the analysis of Landgraf and because they find clarity in legislative history
which does not exist. Many of the past cases are unclear about two things which
are distinguished in Landgraf: congressional intent and retroactive effect. As
discussed below, Landgraf struggles with the term "retroactive." The majority
excludes certain statutes from the presumption against retroactivity, n52
specifically procedural and jurisdictional statutes. See 114 S. Ct. at 1501-02.
Approving of Justice Story's discussion in Society for Propagation of the Gospel
v. Wheeler, 2 Gall. 105, 22 F. Cas . 756 (No. 12,156) (CCDNH 1814), the
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majority says:

A statute dodflMflk operate "retroactively" merely because it is applied in a
case arising ̂^̂ •rconduct antedating the statute's enactment . . .
114 s. ct. amff9-
[*43] Will*

In other words, the fact that legislation might have retroactive effect does not
necessarily mean that Congress clearly intended that it be so applied.

-Footnotes-

n52 "Even absent specific legislative authorization, application of new
statutes passed after the events in suit is unquestionably proper in many
situations." 114 S. Ct. at 1501.

-End Footnotes-

In searching the legislative history, some courts have placed weight on
sources that have little no value. As two commentators write: "the available
reports pertaining to prior versions of the legislation are of little value in
interpreting the statute -- CERLCA, as enacted, differed significantly from
previous proposals." Allan J. Topol and Rebecca Snow, Superfund Law and rf
Procedure § 1.1. at 5 (St. Paul, West; 1992). ^

The most that can be said from the legislative history is that Congress left
many questions, including retroactivity, as open ones to be decided later. Like
Landgraf, the circumstances surrounding passage of CERCLA strongly suggest that
the failure expressly [*44] to prescribe the reach of the statute was
deliberate on Congress' part.

It would have been a simple matter for Congress to have included a provision
within the Act providing that liability would be imposed retroactively. Given
the undoubted Congressional awareness of an existing problem, this omission
takes on special importance. There can be no question that Congress was aware
that the issue of retroactivity could arise. Yet, Congress failed to make this
statement.

Georgeoff. 562 F. Supp. at 1309.

The polit̂ |̂ «ircumstances suggest why there was little actual legislative
history and̂ ^̂ Bpngress left many issues deliberately ambiguous. n53

In 1980, CEÎ BPB&erged from the lame duck session of Congress after President
Carter had been defeated and former Governor Reagan had yet to assume the
presidency. Its language was derived mainly from S. 1480, 99th Cong., 2d Sess.
(1980), a bill that had been reported from the Senate Committee on Environment
and Public Works but that had little hope for passage in its complete form. A
group of approximately 25 to 30 senators, with assistance from House members and
the outgoing Administration (at one point including [*45] President Carter
himself), and crafted new legislative language to paper over policy disputes on
which there was no consensus. Because many such disputes remained after these
negotiators finished their deliberations, floor debate in the Senate often
contain rival explanations of the same provisions of CERCLA.
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Alfred R. Light, CERCLA Law and Procedure Compendium (BNA; Washington, D.C.,
1992) at 1-1.

M Footnotes-

n53 As Sê fBf Randolph stated in part in explaining the liability provisions
of the Compromise:

The liability regime (Sec. 109] in this substitute contains some changes in
language from that in the bill reported by the Committee on Environment and
Public Works. The changes were made in recognition of the difficulty in
prescribing in statutory terms liability standards which will be applicable in
individual cases. The changes do not reflect a rejection of the standards in the
earlier bill.

Unless otherwise provided in this act, the standard of liability is intended
to be the same as that provided in section 311 of the Federal Water Pollution
Control Act (33 U.S.C. 1321). I understand this to be a standard of strict
liability.

It is intended that issues of liability not resolved by this act, if any,
shall be governed by traditional and evolving principles of common law. An
example is joint and several liability, Any reference to these terms has been,'
deleted, and the liability of joint tortfeasors will be determined under common
or previous statutory law.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

1*46]

The circumstances explain why Congress decided not to decide many issues,
leaving them for others -- the EPA and the courts--to decide. The fact that
CERCLA includes a legislative veto, see 42 U.S.C. § 9655, since determined to be
unconstitutional, see INS. v. Chadha, 462 U.S. 919, 103 S. Ct. 2764, 77 L. Ed.
2d 317 (1983), suggests that members of Congress may not have been as concerned
as they should have been about a number of issues, including retroactivity,
because they assumed incorrectly that Congress has the power to "fix it" later
without concern about a presidential veto, whatever the reasons, the legislative
history lacks the clear congressional intent to make CERCLA liability
retroactive.

Given tbJ^HBFlanguage--express or otherwise--and the legislative
history--br̂ ^̂ n̂nd narrowly understood--fail to demonstrate a clear
congressionĵ ^̂ fcnt. for retroactivity, Landgraf requires that the presumption
against retroiWwity be applied if the statute is one to which that presumption
applies.

2. Does CERCLA Have Retroactive Effect?

Landgraf does not simply ask: is the statute retroactive? Framing the
question that way, as have a number of the lower federal [*47] courts,
reduces the analysis to a matter of labeling rather than distinguishing between
the effect of the statute and the intent of Congress as does Landgraf. n54 A few
of the early cases manipulate the label "retroactive" apparently as a way of
avoiding the issues of congressional intent and constitutionality. Thus United
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States v. South Carolina Recycling Disposal Co., 653 F. Supp. 984 (D.S.C.,
1984), aff'd in part and vac. in part sub nom. United States v. Monsanto Co.,
858 F.2d 160 ̂|gteCir., 1988), cert, denied, 490 U.S. 1106, 104 L. Ed. 2d 1019,
109 S. Ct. 3]̂ ^̂ E-989) , concludes that considering pre-enactment conduct does
not make CERj^^Kability "retroactive" because the statute actually imposes
liability f o_H-» post enactment releases or threatened releases. Although the
Justice Department now contends that CERCLA is clearly retroactive, early cases
reflect that Justice made the argument that CERCLA is not retroactive.. See e.g.,
Georgeoff 562 F. Supp. at 1304. n55

-Footnotes-

n54 114 S. Ct. at 1499.
Rather, the court must ask whether the new provision attaches new legal
consequences to events completed before its enactment. The conclusion that a
particular rule operates "retroactively" comes at the end of a process of
judgment concerning the nature and extent of the change in the law and the
degree of connection between the operation of the new rule and a relevant past
event.
[*48]

n55 562 F. Supp. at 1304 (emphasis added).
» ;

The Court next turns to a consideration of Justice's position. Under the ^
liability provisions of CERCLA, 42 U.S.C. § 9607(a), a "release or threatened,
release" of hazardous wastes is required to trigger liability. Justice argues
that the release at the Dump is a continuing release of hazardous waste
triggering liability at any time before the wastes' removal. Because the waste
has yet to be removed, BFI has engaged in conduct taking place after the
enactment of CERLCA. Imposition of liability, therefore, would not be
retroactive because at least some of the facts giving rise to the liability are
based on events taking place after the enactment of CERCLA.

In support of this argument, Justice cites a number of cases which it argues
hold that legislation designed to alleviate a continuing public nuisance does
not act retroactively. Samuels v. McCurdy, 267 U.S. 188, 45 S. Ct. 264, 69 L.
Ed. 568 (1924) ; Chicago & Alton Railroad Company v. Tranbarger, 238 U.S. 67, 35
S. Ct. 678, 59 L. Ed. 1204 (1914); City of Bakersfield v. Miller, 64 Cal. 2d 93,
410 P.2d 393, 48 Cal. Rptr. 889 (1966); People of Illinois v. Jones, 329 111.
App. 503, 69 N.E.2d 522 (4th Dist. 1946).

^̂ ^̂ ^ _ _ _ _ _ _ -End Footnotes-

C*49]

Under the Landgraf's analysis, CERCLA liability certainly has "retroactive
effect" because as applied in this and many other cases it easily falls within
the explanatory language of that term. That is to say, the Justice Department's
attempt in this case to impose liability under S 107(a) largely on actions
occurring prior to the statute's effective date "would impair rights a party
possessed when he acted, increase a party's liability for past conduct, or
impose new duties with respect to transactions already completed." 114 S.C. at
1505. What Landgraf said about compensatory damages can be said about the
financial liabilities under CERCLA for pre-enactment conduct: "the new damages
remedy in Sec. 102, we conclude, is the kind of provision that does not apply to
events antedating its enactment in the absence of clear congressional intent."
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114 S. Ct. at 1506.

3. Should flJMmresumption Against Retroactivity be Applied?

In the thî ĤKep of the analysis, Landgraf asks "whether, given the absence
of guiding insWSction from Congress, the [particular section of the act] is the
type of provision that should govern cases arising before its enactment. The
Court does [*50] not ask generally whether the act is retroactive, but
focuses on the particular section. The opinion then distinguishes between a
procedural provision of that section (jury trial right) which would "presumably
apply to cases ... regardless of when the underlying conduct occurred," n56 and
its punitive and compensatory damages provisions. Recognizing that
"retrospective imposition of punitive damages would raise a serious
constitutional question", Id. at 1505, the Court avoids that constitutional
question by interpreting the punitive damages provision not to be retroactive.
n57 The provision "authorizing recovery of compensatory damages is not easily
classified," id., according to the Court, because the conduct itself was already
unlawful--only the remedy was new--and also because compensatory damages are not
punitive. Despite these differences, Landgraf applies the presumption against
retroactivity even to the compensatory damages provision.

• Footnotes -

n56 In Landgraf, the right to a jury trial does not apply retroactively, .
despite the fact that it is a procedural provision, because this right is
attached to the punitive and compensatory damages provisions, to which the
presumption against retroactivity applies. See 114 S. Ct. at 1505. C*51]

n57 114 S. Ct. at 1506. "Before we entertained that [constitutional]
question, we would have to be confronted with a statute that explicitly
authorized punitive damages for pre-enactment conduct. The Civil Rights Act of
1991 contains no such explicit command."

•End Footnotes-

The CERCLA provision, § 107(a), as applied in this case falls somewhere
between the punitive damage and the compensatory damage provisions considered in
Landgraf. In this case, punitive damages are not sought. Nevertheless, S 106
does provide for fines for failure to comply with an executive branch abatement
order; such fines are clearly punitive. Section 107(c)(3) also authorizes
punitive, trafcfeutemages. The EPA uses the threat of punitive damages as a
negotiating ̂ ^̂ p̂SS- Given the very real threat of punitive damages, CERCLA
retroactiviĉ ^̂ b̂ very nearly the same "ex post facto" danger referred to in
Landgraf. llMvWb- at 1505-06. According to Landgraf, a provision for punitive
damages should not be construed as retroactive unless the language forces that
conclusion because the court must then confront substantial [+52]
constitutional questions which follow.

•Footnotes-

n58 The EPA's use of punitive damages is laid out in its "Superfund
Enforcement Strategy and Implementation Plan," as reprinted in Alfred R. Light,
CERCLA Law and Procedure Compendium at III-6:
As authorized under sections 106 and 107, the government will pursue cases
involving treble damages and penalties for violations of unilateral and
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consent orders. Taking such actions is important for establishing a credible
deterrent. These actions are available against persons who fail without
sufficient cjMfl»to comply with orders.Vt

•End Footnotes -

Regardless of the threat of punitive damages, retroactive CERCLA Liability is
more egregious than the compensatory relief which the Court refused to apply
retroactively in Landgraf. In the instant and many other cases, liability under
CERCLA would require compensation for actions which when taken violated no
federal or state law. At least as to the compensatory damages remedy sought in
Landgraf, it could be said that retroactivity [*53] involved no new legal
standard concerning the conduct itself. n59 Nevertheless, even on the
compensatory damages issue Landgraf says, "it is the kind of provision that does
not apply in the absence of clear congressional intent." Certainly, under
Landgraf principles, CERCLA liability is the kind that does not apply
retroactivity without clear congressional intent.

•Footnotes-

n59 See 114 S. Ct. at 1506:
It does not make unlawful conduct that was lawful when it occurred; as we
noted, supra, at 1490-1491, § 102 only reaches discriminatory conduct already
prohibited by Title VII. Concerns about a lack of fair notice are further muted
by the fact that such discrimination was in many cases (although not this one)
already subject to monetary liability in the form of backpay. Nor could anyone
seriously contend that the compensatory damages provisions smack of a
"retributive" or other suspect legislative purpose. Section 102 reflects
Congress' desire to afford victims of discrimination more complete redress for
violations of rules established more than a generation ago in the Civil Rights
Act of 1964. As least with respect to its compensatory damages provisions, then
§ 102 is not in a category in which objections to retroactive application on
grounds of fairness have their greatest force.

- _ - - _ - _ _ _ _ _ _ _ - - - -End Footnotes- - - - - - - - - - - - - - - - -

[ *S4]

As discussed above, pre-Landgraf cases addressing CERCLA retroactivity are
unreliable. ̂MOA. these cases, Justice places particular reliance on
Northeaster̂ Hl̂ Bi characterizes CERCLA as "overwhelmingly remedial and
retroactivê ^̂ n̂s having a "backward focus." Such labels only confuse the
issue as e^̂ Ĥ P by Landgraf. Legislation cannot be remedial if the conduct
being " remediea^was lawful at the time of its occurrence. As discussed above,
determining that a statute has "retroactive effect" is only part of the
analysis; by itself, it does not indicate Congress' intent. Northeastern' s
statement about CERCLA having a "backward focus," is no more dispositive than a
similar characterization of the compensatory damage provision discussed in
Landgraf.

Unlike certain other forms of relief, compensatory damages are quintessentially
backward- looking. Compensatory damages may be intended less to sanction
wrongdoers than to make victims whole, but they do so by a mechanism that
affects the liabilities of defendants. They do not "compensate" by
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distributing funds from the public coffers, but by requiring particular
employers to pay_for harms they caused. [*55] The introduction of a right to
compensatoryjBMHges is also the type of legal change that would have an impact
on private P̂ Hvs' planning.

114 S. Ct. atr X3U6. (emphasis added in first sentence only). Landgraf insists
that in no case "in which Congress had not clearly spoken, have we read a
statute substantially increasing the monetary liability of a private party to
apply to conduct occurring before the statute's enactment." 114 S. Ct. at 1507.
Liability under CERCLA certainly must be in accord with this principle. The fact
that "retroactive application of [this] statute would vindicate its purpose more
fully", as in Landgraf, "is not sufficient to rebut the presumption against
retroactivity." Id. at 1507-08.

Only one sentence in Landgraf, if taken in isolation, lends any support at
all to Justice's position. Near the end of the opinion, Landgraf says: "Section
102 is plainly not the sort of provision that must be understood to operate
retroactively because a contrary reading would render it ineffective." Id. at
1508 (emphasis in original). Justice's argument boils down to a claim that
CERCLA must be read to be retroactive.

Without any doubt, [*56] in CERCLA Congress is addressing an existing .
situation as well as future problems. In this respect, CERCLA certainly has 4;

"backward focus." It does not follow, however, that the liability provision
"must be understood to operate retroactively because a contrary reading would
render it ineffective." Early on, the Justice Department itself argued, at least
in the alternative, that CERCLA's liability provision need not be interpreted to
be retroactive. See Georgeoff at 1304-1306. Quickly, however, that argument
failed, but ultimately became unnecessary as courts approved of applying
CERCLA retroactively. Citing certain "main policy objectives underlying CERCLA .
. . and the need for a liberal interpretation of the Statute, the courts have
expanded the scope of CERCLA liability well beyond anything that Congress itself
could have envisioned." Allan J. Topol and Rebecca Snow, 1 Superfund Law and
Procedure, § 1.1 at 6 (West Pub.; St. Paul, Minn. 1992).

Justice confuses what it, the EPA, and a number of courts consider desirable
with what it can be said Congress clearly intended. Insofar as pre-enactment
releases are concerned, the purpose of CERCLA can be covered through the
Superfund. [*57] The EPA, however, has chosen to recover as much as possible
from private parties, n60 no doubt in part due to Congress' failure to provide
sufficient rJMMges to pay for cleaning all the sites, even as the need was
thought to l̂ ^̂ KdSO. See Georgeoff 562 F. Supp. at 1312-13. While Georgeoff
takes the lâ ^̂ Kfunding as an indication of congressional intent to make
CERCLA retrcJBBBt Id. at 1313, lack of funding does not render the operation
of the statute itself ineffective in the sense used in Landgraf.

• Footnotes-

n60 See "Superfund Enforcement Strategy and Implementation Plan" (Sept. 26,
1989) reprinted in Alfred R. Light, CERCLA Law and Procedure Conpendium (SNA,
Washington, D.C., 1992) at III-2.
EPA will consider private party responses as the preferred approach for the
majority of Superfund sites. At the same time, EPA will retain the maximum
amount of leverage to use the Fund at specific sites where negotiations are
unsuccessful. The goal of the government is to negotiate an agreement for 100%
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of response costs.

^̂ ^̂  -End Footnotes-
'58]

Landgraf mentions accepted means such as certain taxes and zoning regulations
by which governments "impose burdens on past conduct." 114 S. Ct. at 1499,-n.
24. n61 Such means, if not otherwise unconstitutional, allow legislators to
"remedy" past conduct. Legislators can address environmental damage; however,
under the "Takings Clause," n62 "confiscatory regulations ... cannot be newly
legislated or decreed (without compensation), but must inhere in the title
itself, in the restriction that background principles of the State's law of
property and nuisance already place upon land ownership." Lucas v. So. Carolina
Coastal Covn., 505 U.S. 1003, 1029, 112 S. Ct. 2886, 120 L. Ed. 2d 798 (1992).
As Landgraf observes, the "Takings Clause" is one of several constitutional
provisions which incorporate the anti-retroactivity provisions. 114 S. Ct. at
1497. Of course, agencies and officials at all levels of government generally
would wish to induce or compel particular parties to pay for government
initiatives rather than having to impose a general tax. However, the general
presumption against retroactivity and particular constitutional provisions are
designed to limit, and in some [*59] instances to prevent, governments from
doing so. ».<

• Footnotes-

n61 See also 114 S. Ct. at 1506. ("They do not 'compensate' by distributing
funds from public coffers, but by requiring particular employers to pay for
harms caused.")

n62 U.S. Constitution, Amendment V.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

Ironically, the EPA has resisted the retroactivity principle when it would
have worked in favor of private parties. Under Section 106(b)(2)(A), added in
1986 by Superfund Amendments and Reauthorization Act ("SARA"), private parties
can seek certain reimbursement from the Superfund. n63 The EPA has "adopted the
position that orders issued before the passage of SARA do not provide the
petitioner with a right to reimbursement against the Fund." 2 Superfund Law and
Procedure sujaraft 11.1 at 272 (footnote omitted). Courts have generally agreed
with the EP̂ ^̂ Rbion. See cases cited in id., n. 7-10.

•Footnotes-

n63 Section 106(b)(2)(A) provides that "any person who receives and complies
with the liens of any [Section 106 (a) order] may, within 60 days after
completion of the required action, petition the President for reimbursement from
the Fund for the reasonable costs of such action, plus interest."

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - . - -

[*60]

Nothing presented in the Justice Department brief or pre-Landgraf cases
concerning the statutory language of CERCLA or its legislative history
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demonstrates that Section 107(a) (and/or Section 106 (a) as related to it in this
case) is "thesort of provision that must be understood to operate retroactively
because a cô HRr reading would render it ineffective." 114 S. Ct. at 1508.
Accordingly, ̂̂ Hf court holds that Section 107 (a), a Section 106 (a) as linked to
it in this ĉ ^̂ Kre not retroactive.

•̂HW

III. CONSTITUTIONAL ISSUES

The holding that Sections 106 (a) and 107(a) cannot be given retroactive
effect resolves much, but not all, of this case. Moreover, because of the
court's statutory interpretation holding, the court need not rule on the due
process constitutional issue, which applies only to pre-enactment conduct. The
complaint, however, covers conduct which, while largely occurring prior to the
effective date of CERCLA in 1980, includes some post-enactment conduct. n64 As
the defendant mentions in its brief, the provisions of the consent decree
respond "mostly with respect to waste disposal activities that preceded the
enactment of CERCLA in 1980" (emphasis added). [*61] After briefly
addressing one constitutional issue which has been mooted by the court's holding
on pre-enactment conduct, the court considers more fully those constitutional
issues which are not limited to pre-enactment conduct.

- _ . _ . _ _ _ . - _ - -Footnotes - - - - - - , - . -

n64 See Complaint P's 12 and 18. •"

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

A. Retroactivity and Due Process

Landgraf recognizes the due process and other constitutional concerns lurking
in the background of the interpretive issue of whether Congress intended
retroactive application. See 114 S. Ct. at 1497-98. Such constitutional
considerations seem to have contributed to the Court's confirmation of the
presumption against retroactivity. Yet, with the possible exception of a
punitive damages provision, the Court seems to accept that Congress has the
constitutional power to give a statute retroactive effect if it clearly intends
to do so. Landgraf, 114 S. Ct. at 1499 ("Since the early days of this Court, we
have declined to give retroactive effect to statutes burdening private rights
unless Congress [*62] has made its intent clear." (emphasis added}). Given
the court's statutory interpretation of CERCLA, there is no need to reach the
constitutionfldpldity of retroactive application of CERCLA under the due
process clav

B. DeleglVWf Legislative Power

The defendant contends that CERCLA unconstitutionally "delegates to EPA the
basic policy decisions" with "no 'intelligible standard' to guide EPA1 s
decisions about which contaminated sites pose significant risks and how much
money should be spent to reduce or eliminate such risks." Def.'s Mem. of Law in
Resp. to Ct.'s Ord. of Sept. 19, 1995 at 20-21. This constitutional challenge
attacks CERCLA as generally administered by the EPA. This broader challenge
based on the non- delegation doctrine has not been mooted by the holding that
CERCLA liability cannot be applied retroactively.
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The EPA's decision to apply CERCLA retroactively against private parties
represents one example of what the defendant contends is the unauthorized
exercise of jflBKative power. One way of understanding the decision in Landgraf
is to view i^HBapplying a specific rule of non-delegation, namely that
Congress car^MHNave! such a basic legislative [*63] decision as a statute's
possible retroactivity to the executive and judicial branches. Both the
presumption against retroactivity and the non-delegation doctrine derive from
the more fundamental doctrine of separation of powers. Thus, Landgraf cites INS
v. Chadha, 462 U.S. 919, 103 S. Ct. 2764, 77 L. Ed. 2d 317 (1983), in support of
the proposition that "even the will of the majority does not become law unless
it follows the path charted in Article I, § 7, cl. 2 of the Constitution." 114
S. Ct. at 1496. Landgraf could also have cited Chadha as to what is "essentially
legislative", namely Congressional "action that [has] the purpose and effect of
altering the legal rights, duties, and relations of persons." 462 U.S. at 952.

Chadha, which is the first modern case to declare a congressional statute
unconstitutional on clear separation-of-powers grounds, illustrates the
relationship between the general doctrine and particular constitutional
provisions. Chadha declares the one-house legislative veto void because it
violates the bicameralism and the presentment clauses. Following Chadha, a line
of separation-of-powers cases raise various issues, including [*64]
delegation of powers and removal from office. See Metro. Washington Airports
Author, v. Citizens for the Abatement of Aircraft Noise, Inc., 501 U.S. 252,?111
S. Ct. 2298, 115 L. Ed. 2d 236 (1991) (invalidating a provision in a federal-!
statute approving an agreement for the transfer of two Washington-area airports
from the U.S. Department of Transportation to an "Airports Authority," which
created a "Board of Review" consisting of nine members of Congress because it
violated separation of powers either by allowing members of Congress to exercise
executive power or by allowing members of Congress to enact legislation without
complying with the bicameralism and presentment requirements of the
Constitution.),- Mistretta v. United States, 488 U.S. 361, 109 S. Ct. 647, 102 L.
Ed. 2d 714 (1989) (finding no separation-of-powers violation in a statute
establishing the United States Sentencing Commission as "an independent
commission in the judicial branch of the United States" with removal by the
President of commission members; Morrison v. Olson, 487 U.S. 654, 108 S. Ct.
2597, 101 L. Ed. 2d 569 (1988) (finding no separation -of- powers violation in a
statute providing for the appointment [*65] of "Independent Counsel" by a
panel of Article III judges and removal only for cause by the Attorney
General.); Bowsher v. Synar, 478 U.S. 714, 106 S. Ct. 3181, 92 L. Ed. 2d 583
(1984) (holding that the provision in the Balanced Budget and Emergency Deficit
Control Act JfjftB executive power to the Comptroller General, who was removable
by Congress]̂ Ĥfctes separation of powers) .

In ChadhJNHVwLsaent worried that the Court's decision threatened the
"modern administrative state." See 462 U.S. at 984-89. As the post-Chadha cases
summarized above reflect, the Court has not consistently pursued a rigorous
separation-of-powers approach. n65 Consequently, the modern administrative state
has not been much disturbed by the line of cases cited above. A rigorous
separation-of-powers approach, which would include a stricter non-delegation
doctrine, would greatly curtail the rule-making authority of administrative
agencies, n66 including the EPA. n67 By itself, however, a broad non-delegation
constitutional challenge to CERCLA cannot currently succeed. Under present
Supreme Court jurisprudence, "there is no significant 'anti-delegation'
principle which restricts the exercise of C*66] the commerce power." John E.
Nowak and Ronald D. Rotunda, Constitutional Law (St. Paul, West; 1995) at 156.
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•Footnotes-

^^fn65 It î ^̂ K?1 mentioning that the two cases in which the Court fails to
find a viol̂ ^̂ K-of separation of powers, Morrison and Mistretta, involve
statutes whic^^lve powers to the judiciary.

n66 Professor Bernard Schwartz has written about a first draft of the Bbwsher
opinion which would have cast doubt on the constitutionality of independent
agencies:

since it virtually would have placed the Supreme Court imprimatur upon the claim
that independent agencies are unconstitutional.

. . . The years before Bowsher had seen a revival of the claim that the
independent agencies were unconstitutional because, though they exercised
"executed power," they were not subject to presidential control. The argument
against the agencies received the support of the Reagan Department of Justice.

n67 The activities of the EPA under CERCLA include a double delegation. ?|
First, Congress has delegated to the President. Sec. 106. Then the President: 'has
delegated to EPA. (Executive Order 12580 of January 3, 1987).

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*67]

A year ago, of course, it could have been said that almost nothing restricts
Congress' exercise of the commerce power. In the interim, the jurisprudence has
become unsettled due to the Supreme Court's decision in United States v. Lopez,
514 U.S. , US S. Ct. 1624, 131 L. Ed. 2d 626 (1995), which, for the first
time in more than fifty years, struck down a congressional statute which
regulates non-state activity n68 on grounds that it exceeded Congress' power
under the Commerce Clause. Some of the concerns raised by the defendant under
the non-delegation doctrine overlap with the issues in Lopez, to which this
court now turns.

•Footnotes-

n68 Natifl̂ fcague of Cities v. Usery, 426 U.S. 833, 96 S. Ct. 2465, 49 L.
Ed. 2d 245 ̂̂ |K overruled by Garcia v. San Antonio Metro Transit Auth. 469
U.S. 528, ]4mp2t. 1005, 83 L. Ed. 2d 1016 (1985), invalidated provisions in
the Fair Labor Standards Act applicable to state and local governments as
exceeding Congress' power under the Commerce Clause.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*68]

C. The Commerce Clause

The Supreme Court's interpretation of the Commerce Clause has expanded
greatly over the better part of the last two centuries. In one pre-Lopez case, a
federal district court described the expansion of that clause as follows:
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To be within the ambit of the Commerce Clause, an activity originally had to be
commerce thatL^MMd across state lines, with time, courts began to hold that the
commerce neeî ^̂ Kr affect movement across state lines. Finally, courts dropped
the commerce^^^p.rement and applied the Clause to any activity that affects
movement acr^BBfcate lines. The sole remaining limitations on Congress's power
under the Commerce Clause is the requirement that the effect on commerce be
substantial.

Michigan Protection & Advocacy Service v. Babin, 799 F. Supp. 695, 735 (E.D.
Mich. 1992), aff'd, 18 F.3d 337 (6th Cir. 1994).

Since the 1930's the Supreme Court has found very little in the Constitution
that limits Congress' power to justify legislation under the Commerce Clause.
Prior to United States v. Lopez, 514 U.S. , 114 S. Ct. 1624 (1995), the only
unsettled area appeared to involve the ability of Congress [*69] to regulate
states themselves. In National League of Cities v. Usery, 426 U.S. 833, 49 L.
Ed. 2d 245, 96 S. Ct. 2465 (1976) the Court held that the Commerce Clause did
not give Congress power to regulate "the state as a state." n69 A few years
later, the Court overturned National League of Cities by its decision in Garcia
v. San Antonio 469 U.S. 528, 83 L. Ed. 2d 1016, 105 S. Ct. 1005 (1985), holding
that the sovereignty of the states does not limit Congress' power under the
Commerce Clause. n70 Then, somewhat inconsistently, the Court decided in Unidad
States v. New York, 505 U.S. 144, 112 S. Ct. 2408, 120 L. Ed. 2d 120 (1992), '-'•
that the Constitution does not give Congress power to "Commandeer the
legislative procedure of the states by directly compelling them to enact and
enforce a federal regulatory program." Id. at 2428 (quotation omitted). While
the holding in New York did not rest on the Tenth Amendment, the Court noted
that "the Tenth Amendment confirms that the power of the Federal Government is
subject to limits that may, in a given instance, reserve power to the states."
Id. at 2418. The application of the federalism principles found in New York
[*70] has remained somewhat uncertain as reflected in recent federal circuit
cases ruling on the Brady Bill. n7l At the same time, however, the Court has
recently reaffirmed the traditional principles of state sovereignty in a case
from this circuit, Seminole Tribe of Fla. v. Florida, U.S. , 116 S. Ct.
1114, 134 L. Ed. 2d. 252 (1996), which rejected the principle that Congress'
Commerce Clause power could be used to overrule a state's sovereign immunity.
n72

•Footnotes-

n69 The î l̂̂ plar issue involved the application of the Fair Labor Standards
Act to stat̂ ^̂ B̂pcal • government.

n70 Again clwparticular issue involved the Fair Labor Standards Act.

n7l Contrast Koog v. United States, 79 F.3d 452 (5th Cir., 1996) (holding the
Brady Act exceeds Congress' power per New York v. United States, insofar as it
requires local law enforcement official to administer the Act) with Mack v
United States, 66 F.3d 1025 (9th Cir. 1995) (upholding the Brady Act against a
challenge under New York v. United States) .

n72 The particular case involved the Indian Commerce Clause, but the case
overruled Pennsylvania v. Union Gas Co., 491 U.S. 1, 109 S. Ct. 2273, 105 L. Ed.
2d 1 (1988), which involved the general Commerce Clause.
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- - - - - - - -End Footnotes-
[*71]

United st!HHrv- Lopez did not involve federal regulation of a state itself.
Rather, the feaeral gun statute at issue attempted to exercise police power over
matters historically falling within the jurisdiction of local government. In
declaring Congress had exceeded its powers under the Commerce Clause in
regulating non-state action, the Court seemed to open up many questions. The
dissenting Justices warned that "the Court's holding threatens legal uncertainty
in an area of law that, until [Lopez], seemed reasonably well settled." Id. at
514 U.S. , 115 S. Ct. at 1664 (Breyer, J., dissenting). The dissenters were
clearly concerned that changes which occurred in landmark cases in the late
1930's and early 40's could be overturned. Id. at 514 U.S. , 115 S. Ct. at
1665.

Despite the potential for uncertainty, the majority focused on the
Constitution's limits on federal power. They emphasized that the Constitution
does not grant Congress "a plenary police power that would authorize enactment
of every type of legislation." Id. at , 115 S. Ct. at 1633. While a few of
its cases had "taken long steps" towards granting such "a general police
[*72] power of the sort retained by the states," the Court declined to follow
some of the very broad language which seemed to allow Congress to do virtually
anything under the Commerce Clause. Id. at , 115 S. Ct. at 1634.

Any application of Lopez must begin with its reassertion that the
Constitution's enumeration of powers limits federal power, that such enumeration
"[does] not presuppose something not enumerated." Id. at , 115 S. Ct. at 1634
(citing Gibbons v. Ogden, 22 U.S. (9 Wheat.) at 195, 6 L. Ed. 23 (1824)).

Since this country's inception, the division of powers between the state and
federal governments has been a constant source of friction. Indeed, that
conflict was considered an important institutional protection for liberty. n73
Moreover, federal courts have been considered essential to preserving the
federal state balance. n74 Thus, in performing its duty to elucidate the meaning
of the Constitution in such a way as to reconcile prior case law with the
meaning of the Constitution itself, n75 the federal courts play an important
part in maintaining federalism.

....... -Footnotes- - -

n73 See B-ly The Federalist No.39. [*73]

n74 See nJIPWhe Federalist No. 44, at 233 {James Madison) (George W. Carey
and James McClellan eds., 1990)
(If it be asked what is to be the consequence, in case the Congress shall
misconstrue this part of the Constitution, and exercise powers not warranted by
its true meaning? I answer the same as if they should misconstrue or enlarge any
other power vested in them, as if the general power had been reduced to
particulars, and any one of these were to be violated; the same in short, as if
the State Legislatures should violate their respective constitutional,
authorities. In the first instance, the success of the usurpation will depend on
the executive and judiciary departments, which are to expound and give effect to
the legislative acts; and in the last resort, a remedy must be obtained by the
people, who can by the election of more faithful representatives, annul the
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acts of the usurpers.);

See also McCuJdMh v. Maryland 17 U.S. (4 Wheat.) 316, 423, 4 L. Ed. 579 (1819)
(Marshall, C^^K<"Should Congress, under the pretext of executing its powers,
pass laws foĵ H* accomplishment of objects not entrusted to the government, it
would become^MKpainful duty of this tribunal, should a case requiring such a
decision come before it, to say that such an act was not the law of the land.);
The Federalist No. 78, at 404 (Alexander Hamilton) (George W. Carey and James
McClellan eds., 1990) (referring to the courts as "the bulwarks of a limited
constitution against legislative encroachments."). C*74]

n75 "The ultimate touchstone of constitutionality is the Constitution itself
and not what we have said about it." Graves v. O'Keefe, 306 U.S. 466, 491-492,
59 S. Ct. 595, 603-604, 83 L. Ed. 927 (1939) (Frankfurter, J., concurring). But
see Cooper v. Aaron 358 U.S. 1, 18, 78 S. Ct. 1401, 3 L. Ed. 2d 5 (1958) (per
curiam) (dictum) (characterizing decisions of the Supreme Court as "the supreme
law of the land"); see also Addresses and Papers of Charles Evans Hughes 133,
139 (1908) (speech to the Elmira Chamber of Commerce (May 3, 1907)) ("The
Constitution is what the judges say it is.).

See also Justice Thomas' concurrence: "Although I join the majority, I write
separately to observe that our case law has drifted far from the original
understanding of the Commerce Clause. In a future case, we ought to temper ojir
Commerce Clause jurisprudence in a manner that both makes sense of our more ,
recent case law and is more faithful to the original understanding of that :
Clause." Id. at 514 U.S. , 115 S. Ct. at 1642. In short, as the majority in
Lopez implicitly recognized, it is our jurisprudence that must be squared with
the constitution, not the other way around.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*75]

Accordingly, this court applies the principle of enumerated powers discussed
in Lopez to the question of CERCLA'S constitutionality. In so doing, this court
finds that, when measured against the "ultimate touchstone of
constitutionality," Graves v. O'Keefe, 306 U.S. 466, 491-492, 59 S. Ct. 595,
603-604, 83 L. Ed. 927 (1939) (Frankfurter, J., concurring), the application of
CERCLA to this case exceeds the power given Congress under the Commerce Clause.

1. The Constitutional Text and Its Original Interpretation

We start̂ ^̂ HUrst. principles. The Constitution creates a Federal Government
of enumerateopR«rs. See U.S. Const., Art. I, S 8. As James Madison wrote, "the
powers delegated by the proposed Constitution to the federal government are few
and defined. Those which are to remain in the State governments are numerous and
indefinite." The Federalist No. 45, pp. 292-293 (C. Rossiter ed. 1961). This
constitutionally mandated division of authority "was adopted by the Framers to
ensure protection of our fundamental liberties." Gregory v. Ashcroft, 501 U.S.
452, 458, 111 S. Ct. 2395, 2400, 115 L. Ed. 2d 410 (1991) (internal quotation
[*76] marks omitted) . "Just as the separation and independence of the
coordinate branches of the Federal Government serves to prevent the accumulation
of excessive power in any one branch, a healthy balance of power between the
States and the Federal Government will reduce the risk of tyranny and abuse
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from either front." Ibid.

, 115 S. Ct. at 1626 (opinion of Rehnquist, C.J.); see
at. , 115 S. Ct. at 163& (Kennedy, J., concurring) ("it was
Kramers that freedom was enhanced by the creation of two

governments, not one").

Perhaps, "it is easy to lose sight of all this in a day when Congress
appropriates trillion-dollar budgets and regulates myriad aspects of economic
and social life. Nevertheless, there are occasions on which we are reminded of
this fundamental postulate of our constitutional order." United States v. Lopez,
2 F.3d 1342, 1345 (5th Cir. 1993), aff'd, 514 U.S. , 115 S. Ct. 1624, 131 L.-
Ed. 2d 626 (1995).

a. Enumerated Powers and the Necessary and Proper Clause

The Constitution enumerated the powers of Congress in Article I, Section 8,
which begins: "The Congress [*77] shall have the Power To . . . ." Then, in
the following eighteen clauses, the text listed the powers given to Congress,
including the Commerce Clause and the Necessary and Proper Clause.

From the beginning, the import of the necessary and proper clause was
controversial. In the administration of George Washington, Secretary of State?
Thomas Jefferson argued for a narrow or strict interpretation of the enumerated
powers. n76 His views reflected those of the anti-Federalists who had opposed
the Constitution, in large measure from fear of the necessary and proper clause.
They desired a provision like the one in the Articles of Confederation which had
limited the powers of the government to those "expressly" delegated by the
states. The anti-Federalists lost this argument, even when they got the Tenth
Amendment as part of the Bill of Rights, as this amendment failed to use the
term "expressly. n77" In opposition to Jefferson, Alexander Hamilton --
following the Federalist -- argued for a broader interpretation of the
enumerated powers, but nevertheless one within the structural constraints of the
Constitution. As Hamilton had written in The Federalist, no one was proposing an
all-powerful [*78] government; only a more powerful central government than
that of the Articles of Confederation. n78

• Footnotes-

n76 See Carl B. Swisher, American Constitutional Development at 72-73,
Riverside

n77 The ̂ ^̂ •̂ mendment states, "The powers not delegated to the United
States by tnMKftitution, nor prohibited by it to the States, are reserved to
the States respectively, or to the people.

n78 See generally, The Federalist Nos. 23-36.

- - - - - - . _ - _ _ - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

The views of Hamilton and The Federalist found their way into the Marshall
Court, which is hardly surprising since the Court was dominated by Federalists.
The same basic Federalist viewpoint which created the text of the Constitution
also interpreted that text. Moreover, Chief Justice Marshall's opinions
coincided with The Federalist without ever citing those essays. n79
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Apparently, Marshall's point was to derive meaning directly from the text and
structure of the Constitution rather than to rely on a secondary source.

1
- - - - - - - - - FootnotesT

n79 see J^BBfeve, "Early Uses of The Federalist" in Saving the Revolution
(C. Kessler, ed.) (N.Y., 1987) at 240 ("his jurisprudence and its Hamiltonian
strains were independent expressions of a set of principles and beliefs that
both men had long shared ... In fact, Marshall rarely made use of The Federalist
in his opinions."} (footnotes omitted)

- End Footnotes -
t*79]

Marshall's opinion in McCulloch v. Maryland, 17 U.S. (4 Wheat.) 316, 4 L. Ed.
579 (1819) is often referred to as giving a broad interpretation of the
necessary and proper clause. In fact, McCulloch demonstrated that the necessary
and proper clause is unnecessary. That is to say, McCulloch first explained how
a proper interpretation of the enumerated powers supports Congress' power to
create the Bank of the United States. n80 The fact that Congress did not have
the power generally to create corporations (and still does not attempt to
exercise such a power) did not mean it lacked the power to create a particular
corporation as a means to the exercise of one or more of its clearly enumerated
powers. ]

- - - - - - - - - - - - - - - - -Footnotes- - - - - - - -

n80 McCulloch v. Maryland, 17 U.S. (4 Wheat.) at 407-408.

. - - - - _ - - - . - - - . - -End Footnotes- - - - - - -

The necessary and proper clause in no way expanded the enumerated powers of
Congress; n81 it simply left no doubt that Congress has the fullness of those
powers actually granted in the Constitution. McCulloch, therefore, followed the
explanation [*80] of the necessary and proper clause as provided in The
Federalist, namely that it is merely "declaratory of a truth, which would have
resulted by necessary and unavoidable implication from the very act of
constituting a Federal Government, and vesting it with certain specified
powers." The Federalist No. 33, at 159 (George W. Carey and James McClellan
eds., 1990) (arguing further that "the constitutional operation of the intended
government wquldbe precisely the same, if (the Necessary and Proper Clause and
the Supremâ ^̂ B̂sel were entirely obliterated, as if they were repeated in
every articl̂ ^̂ Rsee also The Federalist No. 44, at 232 (George W. Carey and
James McClê Ĵ MRf., 1990) ("No axiom is more clearly established in law, or in
reason, thancnlc wherever the end is required, the means are authorized;
wherever a general power to do a thing is given, every particular power
necessary for doing it, is included.") (emphasis added). Echoing this reading of
the text, McCulloch v. Maryland stated, "it may with great reason be contended,
that a government, entrusted with such ample powers, on the due execution of
which the happiness and prosperity of [*81] the nation so vitally depends,
must also be entrusted with ample means for their execution." (emphasis added)
17 U.S. (4 Wheat.) 316, 408, 4 L. Ed. 579 (1819).

•Footnotes-
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n81 "The doctrine that Congress may provide for regulation of activities not
themselves interstate commerce, but merely 'affecting' such commerce, rests on
the premise ||BMi.n certain fact situations the Federal government may find that
regulation ô ^̂ Eely local and intrastate commerce is 'necessary and proper' to
prevent inJHB̂ Ê. interstate commerce." Polish National Alliance of the United
States of NcflBBSmerica v. National Labor Relations Board, (Black J.,
concurring) 322 U.S. 643, 652, 64 S. Ct. 1196, 88 L. Ed. 1509 (1944).

-End Footnotes-

In McCulloch, Marshall discussed the relationship between ends and means as
applied to the necessary and proper clause: "Let the end be legitimate, let it
be within the scope of the constitution, and all means which are appropriate,
which are plainly adapted to that end, which are not prohibited, but consist of
the letter and spirit [*82] of the constitution, are constitutional."
McCulloch, 17 U.S. at 421. According to Chief Justice Marshall, McCulloch
represented no augmentation of the enumerated powers. Writing in defense of the
opinion under the pseudonym "A Friend of the Constitution," Marshall insisted
that McCulloch "does not contain the most distant illusion to any extension by
construction of the powers of congress. Its sole object is to remind us that a
constitution cannot possibly enumerate the means by which the powers of
government are to be carried into execution." n82 McCulloch's statement that we
must remember that it is a constitution we are interpreting was not a %
justification for departing from the text, but an indication of how to interpret
the text, i.e., not narrowly like a statute. n83 Thus, Marshall stated that a*
Constitution does not "partake of a prolixity of a legal code." McCulloch, 17
U.S. at 407.

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - - - - - - - - - -

n82 G. Gunther, ed., John Marshall's Defense of McCulloch v. Maryland 185.

n83 See discussion of McCulloch by Justice Story in II Commentaries on The
Constitution, §§ 1263-70 (Cambridge; MA, 1858) (3rd ed.) at 149-161.

- - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -
[*83]

The necessary and proper clause is like the Tenth Amendment in that both
declare what the structure of the Constitution already provides. As Chief
Justice Marâ ^̂ n̂d The Federalist say, the necessary and proper clause merely
declares tĥ ^̂ Ê* powers given to the federal government are given in their
fullness. Tt̂ ^̂ m̂ie does not mean --as ant i-Federalists feared -- that
Congress c<4̂ ^̂ Bt other powers not listed by invoking the necessary and proper
clause. Accordingly, the Tenth Amendment reflects the attempt to quiet what
Federalists at the time considered to be unfounded fears. Thus, "the Tenth
Amendment does not independently provide a substantive limitation on the powers
of the United States. Instead the Tenth Amendment simply makes plain that the
federal government possesses only the powers that have been given to it by the
Constitution--and no more." Koog v. United States, 79 F.3d at 455, (5th Cir.,
1996) .

b. Marshall's Interpretation of the Commerce Clause
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The power referred to as "the Commerce Clause", Article I, Section 8
provides: "The Congress shall have Power ... To regulate Commerce with foreign
Nations, and 4HA the several States, and with the Indian [*84] Tribes."
U.S. Const. ̂ Ĥp, § 8, cl. 3. "Even to speak of 'the Commerce Clause,' perhaps
obscures the^HKal scope of that clause because Congress did not have authority
to regulate aT^ebmmerce; Congress could only regulate Commerce with foreign
Nations, and'among the several States, and with the Indian' Tribes.'" Lopez, 514
U.S. at , n. 2, 115 S. Ct. at 1644 n. 2 (Thomas, J., concurring).

Five years after McCulloch, Chief Justice Marshall wrote Gibbons v. Ogden, 22
U.S. (9 Wheat.) 1, 6 L. Ed. 23 (1824) which is the classic analysis of the text
of the Commerce Clause in its fullness. n84 He addressed the three questions
which naturally follow from the language of the "power to regulate commerce
among the several states." He discussed: 1) whether the subject of the
congressional legislation is commerce; 2) whether'the commerce affects other
states; and 3) whether the legislation regulates the commerce. n85 Neither the
text nor Gibbons use the term "interstate." As to the phrase "among the several
states," Gibbons asks whether the commerce affects other states, not whether
some activity affects interstate commerce. The text and Gibbons ask whether
[*85] the federal legislation regulates the commerce, not some activity which
affects interstate commerce. n86

•Footnotes- - - - - - - - - - - - - - - - i f -

n84 The language of the clause differs in its choice of prepositions to *
precede "foreign Nations," i.e.. "with," and States, i.e., "among". The import
of the difference becomes readily apparent by using the preposition "among" to
precede "foreign Nations." The power to regulate commerce "among" is a
superintending power which Congress possesses vis-a-vis the states, but
obviously not vis-a-vis foreign nations.

n85 22 U.S. 1, 9 Wheat. (22 U.S.) 1, 189-197, 6 L. Ed. 23 (1824).

[The] words are, "Congress shall have power to regulate commerce with foreign
nations, and among the several states, and with the Indian tribes."

The subject to be regulated is commerce; and... [to] ascertain the extent of
the power, it becomes necessary to settle the meaning of the word. The counsel
for the appellee would limit it to traffic, to buying and selling, or the
interchange of commodities, and do not admit that it comprehends navigation.
This would rjMBdgt a general term, applicable to many objects, to one of its
significatiô ^̂ Knmerce, undoubtedly, is traffic, but is something more; it is
intercourse.̂ Ĥftscribes the commercial intercourse between nations, and parts
of nations, ̂ f̂ffi-iZ branches, and is regulated by prescribing rules for
carrying on that intercourse...

To what commerce does this power extend? The constitution informs us, to
commerce "with foreign nations, and among the several states, and with the
Indian tribes.

It has [been] universally admitted that these words comprehend every species
of commercial intercourse between the United States and foreign nations. No sort
of trade can be carried on between this country and any other, to which this
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power does not extend...

[The] subgMKto which the power is next applied, is to commerce "among the
several staĉ ^̂ K-The word "among" means intermingled with. A thing which is
among other3^MK.ntermingled with them. Commerce among the states cannot stop at
the externalfflWwidary line of each state, but may be introduced into the
interior.

It is not intended to say that these words comprehend that commerce which is
completely internal, which is carried on between man and man in a state, or
between different parts of the same state, and which does not extend to or
affect other states. Such a power would be inconvenient, and is certainly
unnecessary.

Comprehensive as the word "among" is, it may very properly be restricted to
that commerce which concerns more states than one. The phrase is not one which
would probably have been selected to indicate the completely interior traffic of
a state, because it is not an apt phrase for that purpose; and the enumeration
of the particular classes of commerce to which the power was to be extended,
would not have been made, had the intention been to extend the power to every
description. The enumeration presupposes something not enumerated; and that
something, if we regard the language or the subject of the sentence, must be the
exclusively internal commerce of a state. The genius and character of the whjjQ.e
government seem to be, that its action is to be applied to all the external ~
concerns of the nation, and to those internal concerns which affect the states
generally; but not to those which are completely within a particular state,
which do not affect other states, and with which it is not necessary to
interfere, for the purpose of executing some of the general powers of the
government. The completely internal commerce of a state, then, may be considered
as reserved for the state itself.

[We] are now arrived at the inquiry -- What is this power?

It is the power to regulate; that is, to prescribe the rule by which commerce
is to be governed. This power, like all others vested in Congress, is complete
in itself, may be exercised to its utmost extent, and acknowledges no
limitations, other than are prescribed in the constitution... [If], as has
always been understood, the sovereignty of Congress, though limited to specified
objects, is î ^̂ ry as to those objects, the power over commerce with foreign
nations, an̂ ^̂ KT the several States, is vested in Congress as absolutely as it
would be in̂ ^̂ B̂jle government, having in its constitution the same
restrictiond^HHfea exercise of the power as are found in the constitution of
the United States.
[*86]

n86 Justice Thomas makes a different critique of the Court's jurisprudence.
He says that the "substantially affects" language so broadens Congress's power
that much of Art. 1, Sec. 8 becomes "surplusage." (Thomas, J., concurring).

- - - - - - - - - - - - - - - -End Footnotes-

2. Deconstruction of the Constitutional Text
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The shift in focus from the text itself to a distinction between interstate
and intrastate_ commerce came later. Lopez did not discuss specifically this
transformatidflMRie several opinions mentioned in Lopez, however, did relate
that the exP̂ llfuse °f tne Commerce Clause began with the Interstate Commerce
Act of 1887,Î HFllS S. Ct. at 1627, and that in reviewing congressional
legislation, ̂Se Court had borrowed, inappropriately as Chief Justice Rehnquist
noted, from its negative or dormant Commerce Clause jurisprudence which
pertained to state legislation. Id.

a. The Influence of the Dormant Commerce Clause

As is generally recognized, the early dormant commerce clause cases divided
federal and state powers in analytical or categorical terms. In Cooley v. Bd. of
Wardens of the Port of [*87] Philadelphia, 53 U.S. 299, 12 HOW 299, 13 L.
Ed. 996 (1851), the Court drew a distinction between those things subject to
national regulation and those subject to local regulation. n87 Such an approach,
unlike that of Marshall, n88 was bound to fail. Under this analysis, the Court
decided whether the object of regulation was or was not local. If it was
"local", the Court allowed the state to regulate it; if national, states could
not regulate it. Whatever merit this approach may have to analysis of state
regulatory power, n89 its application to federal statutes inappropriately
limited Congress. That is to say, the Court declared in some cases that Congress
could not regulate things that the Court declared were "local." The Court $t
ignored the possibility that something might be local, in the sense that a sttfrte
could regulate it, without being beyond Congress' reach. This approach,
epitomized later by Hammer v. Dagenhart, 247 U.S. 251, 38 S. Ct. 529, 62 L. Ed.
1101 (1918), failed to acknowledge that both the state and federal governments
might regulate the same commerce because even though it was "local" in a certain
sense it was also affecting other states.

_ - _ . _ . _ - - - _ _ . - . _ . -Footnotes- - - - - - - - - - - - - - - - - -

n87 12 HOW at 319-320. [*88]

n88 Although the Marshall Court did not address many Commerce Clause Cases,
either active or dormant, it did address both. The Court decided Willson v. The
Black Bird Creek Marsh Co., 27 U.S. 245, 7 L. Ed. 412 (1829) and Brown v. Md.,
25 U.S. 419, 6 L. Ed. 678 (1827).

n89 Whether the Constitution contains a "dormant" Commerce Clause is not an
issue in tn^JHABE- See Justice Scalia's argument that the Constitution does not
contain a d̂ B̂ f̂ccommerce clause in Tyler Pipe Industries v. Washington, 483
U.S. 232, l̂ ^̂ Kt, 2810, 97 L. Ed. 2d 199 (1987) (Scalia, J. , concurring).

-End Footnotes-

The faulty framework of analysis adapted from the dormant Commerce Clause
then got mixed in with the confusion between regulating commerce and exercising
police powers --a distinction critical to Lopez. Beginning in the late 19th
century a dialectual process occurred between the Court and Congress that
expanded Congress' power. n90 The process began when Congress attempted to
prohibit transmission by mail or importation of lottery tickets. When this
failed, Congress also prohibited [*89] the transportation of lottery tickets
across state lines in the 1895 Lottery Act. n91 In Champion v. Ames n92
(upholding the constitutionality of the Lottery Act), the Supreme Court
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divided over the question whether regulating the movement of lottery tickets was
within congressional power or within the police power of the states. In
upholding thjM|Bhibition, the majority noted that it considered the purpose of
the Act pert̂ Ĥ̂  to the constitutional question. The Court recognized a general
police poweĵ lB?ongress to eliminate evils which threaten the general welfare
n93 ^̂

•Footnotes-

n90 Much of this historical overview summarizes part of an article by John S.
Baker, Jr., "Nationalizing Criminal Law: Does Organized Crime Make It Necessary
or Proper?", 16 Rutgers L.Rev. 495, 521-531 (1985).

n91 Act of March 2, 1895, ch. 191, 28 Stat. 963.

n92 188 U.S. 321, 23 S. Ct. 321, 47 L. Ed. 492 (1903).

n93 Id. at 355-57.

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

The dissent in Champion contended, inter alia, that the prohibition [*90]
was not within the necessary and proper power of Congress because, while theM
"purpose" of the Act was the suppression of lotteries, the exercise of a general
police power by the Congress conflicted with the powers reserved to the states
under the Tenth Amendment. n94 In fact, the Act neither interfered with the
police powers of any state nor represented a general, national police power. As
the dissent itself noted, the Act did not prevent lotteries in states which
chose to legalize them. n95 What the Act did was to prevent a seller of lottery
tickets in a state where lotteries were legal from sending those lottery tickets
into other states where lotteries were illegal. As a result of a previous
Supreme Court decision, n96 a state on its own authority could not prohibit
items from being mailed into or otherwise transported into its jurisdiction.
Thus, regardless of the congressional motive or the broad dicta in the Champion
opinion, the Lottery Act regulated a matter (cross-border movement of certain
commerce) which the Court's interpretation of the dormant Commerce Clause had
placed beyond the power of the states. n97 Champion exemplified Congress' use of
the prohibiting technique [*91] to regulate, indeed to prevent, the flow of
certain commerce across state lines. n98

•

_ _ _ . _ . _ -Footnotes- - - - - - - - - - - - -

(Fuller, C.J., dissenting).

n95 Id. at 357.

n96 In Leisy v. Hardin, 135 U.S. 100, 10 S. Ct. 681, 34 L. Ed. 128 (1890),
the Court had prohibited states from blocking shipments of liquor into the
state.

n97 Id.

n98 The sale of lottery tickets in Louisiana was local as long as restricted
to the state. Once they moved across state lines, they affected other states.
Congress at the time, but not the Court, understood this difference.
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-End Footnotes-

while thê HHfient in Champion incorrectly argued that Congress' "purpose"
made the ststjtfSr/ prohibition improper, the majority also erred when it
suggested thar Congress had the power to prohibit because of its worthy purpose.
The Court should have held that Congress has the power to prohibit the movement
of commerce across state lines regardless of purpose. n99 Had this been made
clear, the Court might not have later struck down the [*92] child labor laws
in Hammer v. Dagenhart nlOO based on what the majority considered to be an
improper purpose. After Champion, however, the power to prohibit seemed to turn
on the purpose. nlOl Indeed, members of Congress read Champion as positing a
national police power premised upon purpose. n!02

• Footnotes-

n99 See United States v. Darby, 312 U.S. 100, 115, 61 S. Ct. 451, 85 L. Ed.
609 (1941) (upholding Fair Labor Standards Act of 1938) .

nlOO 247 U.S. 251, 38 S. Ct. 529, 62 L. Ed. 2d 1101 (1918).

nlOl Congress' purpose in passing the statute is one thing; the statute's
inclusion of the word "purpose" as an element in the proof of the offense is*'
another. Mann Act § 2, quoted supra note 128. As for Congress, its purpose in
the sense of its motive for passing the legislation might or might not have been
accurately incorporated into the purpose of the statute as evidenced by its
language. Thus, although the legislative history of a statute such as the Mann
Act may have reflected Congress's limited purpose, i.e., to stop the systematic
enticement and interstate transportation of women for purposes of prostitution,
proponents of the Act emphasized that its provisions did not reach prostitution
or immorality "per se," but only interstate and international "white slave
trade." H.R. Rep. No. 47, supra note 129, at 1-2, 9-11; E. Levi, An Introduction
to Legal Reasoning 36-38 (1949).

The interpretation of the statutory language may not be limited to the
legislative purpose. Thus, in Caminetti v. United States, 242 U.S. 470, 37 S.
Ct. 192, 61 L. Ed. 442 (1917), the Supreme Court found that the statute
reflected much broader purposes. The actual language of the statute was not as
limited as the legislative history would indicate, but extended to single
incidents of transportation for "any immoral purpose." In Caminetti Justice
McKenna dissJHMK'because he thought the Court's construction of the Act went
beyond the ̂ l̂ f̂e8 intended by Congress. Yet, previously, in Hoke v. United
States, 227̂ ^̂ fco8, 33 S. Ct. 281, 57 L. Ed. 523 (1913) he wrote the opinion
upholding tnMIEr Act against a Commerce Clause challenge. Had Justice McKenna
paid more attention to the statute itself in Hoke, he would have seen that its
language went well beyond the congressional purposes. As an element of the
offense, the word "purpose" required the prosecution to prove the defendant had
a certain criminal intent. Congress' purpose in putting the word "purpose into
the statute was clear; it appeared to provide a Commerce Clause justification
for purporting to prohibit the transportation of persons within the country. The
effect of regulating persons based on their purposes, i.e., motive or.intent,
however, was to create a "true" crime rather than a regulatory offense. [*93]

n!02 Thus, Congress thought purpose provided the constitutional justification
for passage of the Mann (White Slave) Act. White-Slave Traffic (Mann) Act, ch.
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395, § 2, 36 Stat. 825 (1910). After quoting from Champion, the House Committee
Report concluded:

e case of lotteries there is nothing harmful in the mere
the pieces of paper. The injury resulted from the connection
een those tickets and the entire scheme of the lottery. It was

the purpose for which the tickets were used which made them an instrument o.f
injury to the public. H.R. Rep. No. 47, 61st Cong., 2d Sess. 4-5 (1909).

In Hoke v. United States, 227 U.S. 308, 57 L. Ed. 523, 33 S. Ct. 281 (1913),
the Court analogized the aims of the Mann Act to those of the Lottery Act and
the Pure Food and Drug Act. Ch. 3915, 35 Stat. 768 (1906). The Mann Act,
however, differed from both because it did not actually prohibit anything or
anyone from crossing state lines. Although purporting to prohibit
transportation, it could not do so because it regulated persons rather than
things. The Court dismissed such differences, contending that "the substance of
the congressional power is the same, only the manner of its exercise must be
accommodated to the difference in its objects." 227 U.S. at 323. The Court
considered the similarity of purpose sufficient to uphold the Mann Act under .the
Commerce Clause. Id at 322-23. Nevertheless, the difference in means were
significant. In the Food and Drug Act, like the Lottery Act, Congress had
provided for seizure of the offending articles when shipped across state lines
even though the misbranded food itself was not illegal when prepared. Pure Fĉ >d
and Drug Act, ch. 3915, § 10, 34 Stat. 768, 771 (1906). The Mann Act did not':

prohibit transportation of impure or immoral things. It punished a male who had
certain immoral or criminal purposes (a criminal mental element), as the object
of transporting a woman across state lines.

- _ _ _ _ - . - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

[*94]

Having facilitated the transformation of Congress' regulatory power into an
implied national police power, the Court later cut back on Congress' clearly
constitutional powers. In Hammer v. Dagenhart, the Court invalidated the
congressional prohibition of the interstate transportation of goods made using
child labor. The decision departed from Champion and other cases in that it
denied Congress the power to prohibit the shipment of certain goods across state
lines. The Court, however, was consistent with prior cases in the sense that, as
in Champion and other cases, the decision turned on congressional purpose. n!03

• Footnotes-

n!03 Thê ^̂ B distinguished the approved congressional purposes discussed in
Champion, If̂ ^̂ HB and Hoke from the economic purpose behind the child-labor
legislation̂ ^̂ Ŝit 270-72. Not only was legislation based on Congress' economic
purposes more clearly constitutional than that based on moral purposes, but as
Justice Holmes observed, See 247 U.S. at 280 (Holmes, J. dissenting) the moral
purposes prompting the childlabor legislation were certainly no less worthy than
those supporting earlier congressional legislation based on Congress' economic
purposes upheld by the Court. In both Hammer v. Dagenhart, 247 U.S. at 276 ("We
have neither authority nor disposition to question the motives of Congress in
enacting this legislation.") voiding congressional legislation and in Champion,
upholding congressional legislation, the Court took the same position, namely
that the extension of national power -- whether regulatory or police -- turned
on the Court's approval of Congress' purpose.
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- - - - - - - - - - - - - - - - -End Footnotes-
1*95]

Even Fr̂ ^̂ R Roosevelt's Justice Department viewed Champion and other
"police po^mPvases in one category, set apart from the regulation of commerce.
n!04 The Roosevelt administration initially avoided the prohibiting commerce
technique in favor of other forms of regulation based on the "affecting
commerce" and "in commerce" rationales. After the Supreme Court made its famous
1937 course correction in N.L.R.B. v. Jones & Laughlin Steel, 301 U.S. 1, 57 S.
Ct. 615, 81 L. Ed. 893 (1937), Congress employed both the commerce-prohibiting
technique and direct regulation based on the "affecting commerce" rationale when
it enacted the 1938 Fair Labor Standards Act (FLSA). In United States v. Darby,
nlOS which upheld the Act and overruled Hammer v. Dagenhart, the Court approved
both the prohibiting technique and direct regulation based on the "affecting
commerce" rationale. Although not regulating a true crime, the FLSA made its
regulations of economic relationships enforceable by criminal sanctions. The
combination in Darby of a regulatory offense, the prohibiting technique, and the
affecting commerce rationale later resulted n!06 in the commingling of two lines
[*96] of cases -- the exercising police power cases and the regulating
economic activity cases -- once thought to be separate.

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - ~ - - - - - - - - ̂ y-
r

n!04 See n. ill, infra.

nlOS 312 U.S. 100, 61 S. Ct. 451, 85 L. Ed. 609 (1941).

n!06 See Perez v. United States, 402 U.S. 146, 28 L. Ed. 2d 686, 91 S. Ct.
1357 (1971) .

•End Footnotes-

The coincidence in Darby of the prohibiting technique, which requires no
rationale, and the "affecting commerce" rationale, which supports various
techniques, did not immediately result in the expansion of federal criminal law.
Although it interpreted the "affecting commerce" rationale expansively in
economic matters, the Court generally took a much more restrictive view in
criminal cases prior to 1970 when it decided Perez v. United States, 402 U.S.
146, 91 S. Ct. 1357, 28 L. Ed. 2d 686 (1971) . In Perez, various strands from the
cases undertha Commerce Clause met and merged into an expansive view of
Congress' ̂BMrto create criminal law. The Court upheld application of a
federal "]̂ Ĥ Bark* • statute to [*97] local acts without any showing of an
interstat̂ ^̂ B̂ or effect. n!07 The Court considered it sufficient that the
activity wâ ^̂ Tt of a class of activities which Congress had targeted as having
affected commerce through organized crime. Id. at 154-56. The Court thought
Darby to be "particularly relevant . . . because it involved a criminal
prosecution." nlOS However, Darby and the cases which built on it and were cited
in Perez -- Wickard v. Filburn 317 U.S. Ill, 63 S. Ct. 82, 87 L. Ed. 122 (1942),
and the public accommodations cases, Atlanta Motel v. United States 379 U.S.
241, 85 S. Ct. 348, 13 L. Ed. 2d 258 (1964), and Katzenbach v. McClung 379 U.S.
294 85 S. Ct. 377, 13 L. Ed. 2d 290 (1964), -- were not criminal cases, even
though indictments for regulatory offenses may have been involved.

-Footnotes-
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146, 154-157, 91 S. Ct. 1357, 28 L. Ed. 2d 686

- - - - - - - - - - - - - - - - -End Footnotes- - - - - - - - - - - - - - - - -

b. United States v. Lopez

As observed above, n!09 the majority in Lopez recognized the uncertainty
unleashed upon the lower courts [*98] left to reconcile that case with other
Commerce Clause cases. In reopening debate on issues once thought foreclosed,
the majority opinion in Lopez walks a fine line between two different views
expressed by justices who, while joining the opinion, also write concurring
opinions. Two of the justices "counsel[] great restraint," 115 S. Ct. at 1634
(Kennedy, J., concurring), but one justice would "reconsider our 'substantial
effects' test with an eye toward constructing a standard that reflects the text
and history of the Commerce Clause without totally rejecting our more recent
Commerce Clause jurisprudence." Id. at 1642-43 {Thomas, J., concurring), while
the Court's opinion may represent a moderate position among the justices in the
majority, the dissenters consider the decision "radical." Id. at 1651 (Stevens,
J., dissenting) ("I also agree with JUSTICE SOUTER's exposition of the radSial
character of the Court's holding.") »

- - - - - - - - - - - - - - - - -Footnotes- -

n!09 See p. 50, supra.

. - _ _ _ . _ . - - _ - - . _ -End Footnotes-

In one Eleventh Circuit case applying Lopez, [*99] that court concluded
that, under the Commerce Clause, Congress possesses the power to enact the
Freedom of Access to Clinic Entrances Act of 1994, Pub. L. No. 103-259, 1098
Stat. 694 (1994) (codified at 18 U.S.C. S 248) . See Cheffer v. Reno, 55 F.3d
1517 (nth Cir. 1995) . The Eleventh Circuit found support for Congress'
conclusion that the "access act regulates activity which 'substantially affects'
interstate commerce." 55 F.3d at 1520. In upholding the Access Act, it was not
necessary to go beyond a very narrow reading of Lopez. That is to say, Cheffer
involved a criminal statute, like the gun statute in Lopez; but unlike the gun
statute, CfMBF had made findings that the activity regulated by the Access
Act "subsd^^Kly-affects interstate commerce." The court accepted those
findings

The Justice Department narrowly views Lopez as applying only to the facts of
the Gun Free Schools Act. nllO Only wishful thinking, however, can lead to the
conclusion that the holding of Lopez is applicable only to schools or
guns-in-schools cases. Lopez could have chosen a narrower approach. Lopez could
have narrowly limited its holding to federal [*100] criminal statutes under
the Commerce Clause that involve no "substantial effect" on interstate commerce.
It did not do so. Had Lopez taken such an approach, Cheffer need not have been
decided any differently. More importantly, such a narrowed approach would not
have opened to debate the fundamental turn taken in the late 1930s jurisprudence
under the Commerce Clause, which the dissenters took pains to defend. As
previously noted, until Perez v. United States in 1971, the Supreme Court did
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not actually confront the application of the post-1937 Commerce Clause
jurisprudence to federal criminal statutes. Before and even since, the Court has
tended towaaAMwrrow construction of federal criminal statutes, thereby avoiding
const!tutiô ĤrSSues of federalism. See e.g., United States v. Bass, 404 U.S.
336, 92 s- «̂ B15' 30 L- Ed- 2d 488 (1971). Lopez could have, but did not,
reach the rBBMfe it did by disapproving Perez without thereby calling into
question anything else about Commerce Clause jurisprudence from 1937 to 1971.
nlll

- - - - - - - - - - - - - - - - - -Footnotes- - - - - - - - -
t

nllO See Tr. of Hr'g at 4.

nlll A prominent "New Deal" advocate, Robert Stern, has written about Perez
as being unrelated to the interpretation of the Commerce Clause put forth to
justify 1930's economic legislation: "Even a lawyer who fought for a realistic
interpretation which would recognize that in commercial matters the United
States was one nation finds himself surprised at where we are now -- and at how
readily the recent expansion is accepted." Robert Stern, The Commerce Clause
Revisited: The Federalization of Intrastate Crime, 15 Ariz. L. Rev. 271, 284
(1973) .

End Footnotes

.

Instead, Lopez relies on Perez to categorize Commerce Clause cases as being
divided into three: "First, Congress may regulate the use of the channels of
interstate commerce. . . . Second, Congress is empowered to regulate and protect
the instrumentalities of interstate commerce, or persons or things in interstate
commerce, even though the threat may come only from intrastate activities. ...
Finally, Congress' commerce authority includes the power to regulate those
activities having a substantial relationship to interstate commerce." Id. at
1629-30 (citations omitted) . Like Lopez, see Id. at 1629-30, this particular
case involves only the third of these categories.

In discussing the third category, the Court repeatedly refers not simply to
regulating activities which have a substantial effect on interstate commerce but
to "regulating economic activity" which has a substantial effect on interstate
commerce.

^̂ o) ia a criminal statute that by its terms has nothing to do with
" commerce Î ĤRy sort of economic enterprise, however broadly one might define
those ten̂ ^̂ Btipn- 922 (q) is not an essential part of a larger regulation of
economic fĵ ^̂ EY' • t*102] in which the regulatory scheme could be undercut
unless theintraatate activities that arise out of or are connected with a
commercial transaction, which viewed in the aggregate, substantially affects
interstate commerce. Lopez, 514 U.S. , 115 S. Ct. at 1630.

In requiring that the object of the regulation, which "substantially affects"
interstate commerce, must itself be "economic activity," (i.e., commerce) rather
than merely "activities," the Court is being more faithful to Chief Justice
Marshall's explanation in Gibbons v. Ogden. See text accompanying n.83.

Lopez also discusses and refutes the reasoning advanced by the government for
justifying Congressional action in that case. The court found the government's
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"cost of crime" and "national productivity" rationales to be incorrect, because,
under such reasoning, Congress could regulate any activity that might lead to
violent criflMB> any activity affecting the economic productivity of individual
citizens, 'î Hlrdless of how tenuously [thase activities] relate to interstate
commerce. " |HK, 131 L. Ed. 2d 626, 514 U.S. , 115 S. Ct. 1624. By
demonstratIT!^"TOW the inherent logic of [*103] certain rationales fails to
place any meaningful limits on congressional authority, Lopez requires that
there be a genuine causal connection between the regulated activity and
interstate commerce. In so doing, the Court is being more faithful to Chief
Justice Marshall's ends/means analysis in McCulloch. See n. 81 and accompanying
text. In other words, the assumption that the regulation of any activity which
has a substantial effect on interstate commerce is automatically "necessary and
proper" is not appropriate under Lopez. Thus, the Lopez majority criticizes the
dissent for their willingness to gloss over the tenuous connection between gun
possession at a school and interstate commerce. As chief Justice Rehnquist
notes, "depending upon the level of generality, any activity can be looked upon
as commercial." Lopez, 514 U.S. , 115 S. Ct. at 1633 (Rehnquist, C.J.). Such
reasoning, "lacks any real limits," id., and would lead to the acceptance of a
general police power at the federal level. Id. at 1634. See also Northern
Securities Co. v. United States, 193 U.S. 197, 402-403, 24 S. Ct. 436, 48 L. Ed.
679 (1904) ("Commerce depends upon population, [*104] but Congress could
not, on that ground, undertake to regulate marriage and divorce. If the act
before us is to be carried out according to what seems to be the logic of Qtae
argument for the government ... I can see no part of the conduct of life with
which, on similar principles, Congress might not interfere"). nl!2

- Footnotes-

nl!2 Accord Maryland V. Wirtz, 392 U.S. 183, 204-205, 88 S. Ct. 2017, 20 L.
Ed. 2d 1020 (1968) (Douglas, J., dissenting). Noting that state government
itself is an enterprise that has a substantial effect on interstate commerce,
the Justice Douglas stated that the logic of the case would lead to the
conclusion that "the National Government could devour the essentials of state
sovereignty, though that sovereignty is attested to by the Tenth Amendment." Id
at 205. See also A.L.A. Schechter Poultry Corporation v. United States, 295 U.S.
495, 554, 55 S. Ct. 837, 79 L. Ed. 1570 (1935)
There is a view of causation that would obliterate the distinction between what
is national and what is local in the activities of commerce. Motion in the outer
rim is communicated perceptibly, though minutely, to recording instruments at
the centre. A society such as ours "is an elastic medium which transmits all
tremors thiû d̂ its territory; the only question is of their size." Per Learned
Hand, J., ̂̂ B̂ court below. The law is not indifferent to considerations of
degree. Â ^̂ Êes local in their immediacy do not become interstate and
national ̂ ĤlE-of distant repercussions.
(Cardozo J., concurring); Polish National Alliance of the United States of North
America V. National Labor Relations Board, 322 U.S. 643, 650, 64 S. Ct. 1196, 88
L. Ed. 1509 (1944) .
The interpenetrations of modern society have not wiped out state lines. It is
not for us to make inroads upon our federal system either by indifference to its
maintenance or excessive regard for the unifying forces of modern technology.
Scholastic reasoning may prove that no activity is isolated within the
boundaries of a single state, but that cannot justify the absorption of
legislative power over every activity.
(Frankfurter, J.).
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- - - - - - - - - - - - - - - - -End Footnotes -
[•105]

Finally,^HE-above discussion is devoted to what Lopez says; however, that
case is alŝ K̂'eworthy for what it fails to say. The ease with which the
Supreme CoJUSfeght have upheld the Gun-Free Schools Act of 1990 is striking.
This point was not lost on the dissenting justices. The Court might have held
that guns are articles of commerce that can be used to restrain commerce. 514
U.S. at , 115 S. Ct. at 1651 (Stevens, J., dissenting). It did not. The Court
could have aggregated "the effect of all guns possessed in or near schools!.]"
Id. at , 115 S. Ct. at 1658 (Breyer, J., dissenting) (citing Wickard, 317
U.S. at 127-28, 63 S. Ct. at 89-90); see id. at , 115 S. Ct. at 1651
(Stevens, J., dissenting). It did not do this either. The Court also might have
considered whether Congress could have had a rational basis for concluding that
the "regulated activity sufficiently affected interstate commerce." nl!3 Id. at

, 115 S. Ct. at 1658 (Breyer, J., dissenting). Again, the court would have
none of this. nl!4 See Lopez at , 115 S. Ct. at 1630-34.

•Footnotes-

nl!3 While the majority in Lopez does not utilize the rational basis test, it
does mention it, albeit in the context of warning against granting Congress too
much deference in deciding the extent of its authority under the Commerce *_•
Clause. See Lopez, 131 L. Ed. 2d 626, 115 S. Ct. 1624, n. 2 ("Simply because
Congress may conclude that a particular activity substantially affects
interstate commerce, does not necessarily make it so.") (quoting Model, 452 U.S.
at 311) (Rehnquist, J. , concurring in judgment); ("Whether particular operations
affect interstate commerce sufficiently to come under the constitutional power
of the Congress to regulate them is ultimately a judicial rather than a
legislative question, and can be settled finally only be this Court.") (quoting
Heart of Atlanta Motel, 379 U.S. at 273) (Black, J., concurring)." See also n.
72, supra. [*106]

nl!4 In addition, the majority might have asked, but did not, whether
Congress could have found that gun violence around schools creates a commercial
problem, Lopez at , 115 S. Ct. at 1659 (Breyer, J., dissenting), or perhaps a
serious economic threat to "consequently inadequately educated workers who must
endure low paying jobs" and to communities and businesses that might otherwise
gain from a well-educated work force. Id. at , 115 S. Ct. at 1661 (Breyer,
J., dissenting).

- - - - - - - -End Footnotes

3. Appl̂ ĤHn of Lopez to CERCLA.
^̂

Thus Lopez requires 1) that the statute itself regulate economic activity,
which activity "substantially affects" interstate commerce. Id. at 1630; and 2)
that the statute include a " jurisdictional element which would ensure, through
case-by-case inquiry, that the [statute] in question affects interstate
commerce." Id. at 1631. In applying Lopez to this case, the court finds it
doubtful that the object of regulation in this case is "economic activity, "
i.e., "commerce," as that term is used in Lopez. It is true that at one
[*107] point the defendant operated two plants, which are the focus of this
litigation, and that these plants were surely engaged in "economic activity."
These two plants, however, no longer operate and have not since 1982, long
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before this litigation was initiated.

t̂afcs case might be somewhat different if the government were
attempting ^Kgulate a functioning facility. Although, the complaint includes
an allegati^^^Rout threatened releases, the fact remains that this suit seeks
clean-up ofiffm property. While environmental degradation generally may have an
effect on interstate commerce, it is not clear to this court that the
degradation at issue in this case is necessarily "economic activity" or that it
has a "substantial effect" on interstate commerce. It is clear to this court
that the law regulating real property has been traditionally a local matter
falling under the police power of the states. nllS

•Footnotes-

nllS See e.g., United States v. Little Lake Misere Land Co., 412 U.S. 580,
591, 93 S. Ct. 2389, 37 L. Ed. 2d 187 (1973) ("Even when federal general law was
in its heyday, an exception was carved out for local laws of real property.")
(Burger, C.J.); Davies Warehouse Co. v. Bowles, 321 U.S. 144, 155, 64 S. Ct.
474, 480, 88 L. Ed. 635 (1944) ("The great body of law in this country which
controls acquisition, transmission, and transfer of property, and defines the
rights of its owners in relation to the state or to private parties, is found in
the statutes and decisions of the state.") Hawaii Housing Authority v. Midkiff,
467 U.S. 229, 241-242, 104 S. Ct. 2321, 81 L. Ed. 2d 186 (1984) ("Regulation, of
[land] oligopoly and the evils associated with it is a classic exercise of the
State's police powers.")

It is also worth mentioning that Congress agrees that reduction, control, and
the prevention of pollution, and the collection and disposal of solid waste, are
all the primary responsibility of state and local governments. See e.g., 42
U.S.C. § 7401(a) (3) (Clean Air Act); 42 U.S.C. § 6901(a)(4) (Resource
Conservation and Recovery Act); 33 U.S.C. § 1251(b) (Federal Water Pollution and
Control Act) .

- _ _ - - _ - - _ - - - - - - . -End Footnotes- - - - - - - - - - - - - - - - -
[*108]

Given that Lopez does not limit its holding to criminal cases, nl!6 the
government must demonstrate that its use of CERCLA is limited to the regulation
of economic activity, i.e., commerce, which "substantially affects" interstate
commerce. Congress (or the Executive on behalf of Congress) may regulate
economic act̂ Lty which falls within the local police power, but it cannot
exercise ̂ ^̂ HlÊ 1 police power. It appears to this court that CERCLA generally
representâ HHfeunple of the kind of national police power rejected by Lopez. It
is not neq̂ ^̂ K̂t however, for this court to reach such a conclusion, because --
at least in̂ ĤScase -- the application of CERCLA fails to meet the second
criteria of Lopez.

. . . - _ . . _ . . - . . - . . -Footnotes- •

nll6 See text accompanying n. 111.

. _ - . _ - - _ _ - - _ - - - -End Footnotes-

Even if the application of CERCLA to the facts of this case does generally
meet the first test of regulating intrastate economic activity which
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substantially affects interstate commerce, it must also be shown that the
statute has^a^^risdictional [*109] element which would ensure, through
case-by-cas^^Mftuiry, that the [statute] in question affects interstate
commerce." ̂ Ĥ). Ct. at 1631. Nothing in the statute provides for such a
case-by-ca^UPpuiry. Nevertheless, assuming it had such a provision, the
particular inquiry in this case clearly demonstrates that the activity in
question has virtually no effect on interstate commerce. As demonstrated in the
remedial investigative report, any contaminants still at Site 1 affect
groundwater mostly by migrating through the locally-contained alluvial aquifer.
This aquifer lies atop a miocene aquifer. The remedial-investigation report
indicates there is little or no migration between the two aquifers, and there is
no evidence that contaminants at Site 1 travel across state lines.

Accordingly, this court holds that EPA's attempt in this case to apply
CERCLA liability against the defendant would exceed the power of Congress under
the Commerce Clause.

VII. CONCLUSION

For the reasons set forth above, the federal government has no constitutional
authority to do what it proposes at Site 1. The court therefore has no authority
to sign or enter the proposed consent decree and hereby C*110] DENIES the
motion nil? to do so. ^

- - - - - - - - - - - - - - - - -Footnotes- -

nil? Tab 3.

- - - - - - - - - - - - - - - -End Footnotes -

Because the court has reached this conclusion, there is no conceivable remedy
to which the plaintiff would be entitled to under the complaint. This action is
therefore DISMISSED with prejudice.

SO ORDERED this 20th day of May 1996.

W B Hand

SENIOR DISTRICT JUDGE
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